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This thesis studies the evaluation element of the general 
transportation planning process from a broad systems 
perspective. Evaluation linkages are identified with the 
other activities of the planning process which, if not 
recognised and accounted for, can unneccesarily restrict the 
efficiency of plan evaluation thereby reducing the 
effectiveness of the evaluation element as an aid to decision 
making. 
The nature and scope of the evaluation element is examined 
in some detail. Certain key aspects are discussed; the value 
framework that is used ~o assess plan performance, the 
principles of measurement used therein, and some procedural 
steps are put forward to guide the selection of appropriate 
criteria to indicate plan performance. 
The latter part of the thesis is devoted to comparing the 
capabilities and limitations of six different evaluation 
techniques, namely; cost benefit analysis, cost-effectiveness 
technique, ranking and rating matrices, utility analysis and 
goals-achievement matrix. 
As a conclusion to the thesis, it is felt that due to the 
divergent nature of transportation planning each of the 
foregoing methods without exception, has its relative 
strengths and weaknesses. The aspects of robustness and 
weakness of each methodology are 'shown to be a reflection of 
certain fundamental paradoxial requirements that run .through 
the whole planning process. It is these conflicting 
requirements that consequently neutralise any one method from 
being totally effective. Consequently, for an evaluation to 
be comprehensive, complex transportation problems should be 
evaluated in two stages. The primary evaluation should be 
undertaken with the "most appropriate" methodology followed 
with a supplementary evaluation augmenting any deficiency in 
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1.1. Objectives Of The Thesis. 
One of the interesting characteristics of transportation 
planning is that there are usually many different ways of 
achieving the same goal. Therefore, an important activity in 
the transportation planning process is the evaluation of 
alternative plans to determine the "best" plan. To aid the 
selection and choice process several different evaluation 
techniques have been specifically developed to appraise 
alternative plans. 
Thus, tbe main objectives of this thesis are firstly; to 
examine how the evaluation activity is related to the overall 
planning process and secondly; to appraise some of the 
different evaluation methodologies that are currently used to 
evaluate transportation alternatives. 
It is hoped that the achievement of the above objectives 
will be of practical benefit to my work situation - since a 
major portion of my work involves the design and evaluation 
of alternative transportation plans. 
1.2. Format Of The Thesis. 
Although this thesis is concerned with the evaluation of 
alternative "transportation" plans much of it's content is 
related to "highway" evaluation aspects. The highway emphasis 
results from two factors. Most of the evaluation 
methodologies reviewed in this study were developed initially 
for evaluating alternative highway plans. In addition the 
experience of the author is more related to highway planning 
than the broader transportation planning field. Nevertheless, 
it is believed that the general principles of evaluation put 
forward in this thesis are relevant for both highway and the 
broader transportation planning scene. 
The scope and content of the study can be gauged from the 
following brief outline. , 
Chapter 1 sets out the objectives of the study and 
highlights some of the fundamental aspects of the 
transportation planning and evaluation process. 
Chapter 2 - puts forward the strategy of systems analysis as 
a suitable conceptual framework to guide and structure the 
research for this thesis. The basic concepts of problem 
solving are described. 
Chapter 3 examines the evaluation aspects of the general 
planning process. How the evaluation element relates to the 
planning system as a whole and in turn, how it relates to the 
other individual planning process elements. Several 














Chapter 4 endeavours to identify certain fundamental 
principles upon which the specific evaluation process is 
founded. The scope of the evaluation process and the 
principles of measurement used therein are examined. 
Chapter 5 - from the preceeding chapters a broad framework is 
developed within which the different evaluation techniques 
can be comparatively assessed. Six evaluation methodologies 
are examined namely; cost benefit analysis, 
cost-effectiveness technique, · ranking and rating matrices, 
utility matrices and goal-achievement matrix. The main 
characteristics of each methodology are described and their 
relative strengths and weaknesses are identified. 
Chapter 6 - summarises the performance of the six evaluation 
methodologies against the review criteria established early 
in Chapter S. In addition several fundamental and paradoxial 
requirements are identified that condition the effectiveness 
of the evaluation activity in the general planning process. 
Appendix A outlines the cost-benefit approach to 
determining highway costs and benefits. 
It will be seen from the study outline that the thesis has a 
broad focus, in an attempt to pull together the many diverse 
factors that are considered relevant to the evaluation 
activity. However, the broad scope presents a dilemma with 
respect to the depth of analysis that can be presented and it 
is hoped that a reasonable balance has been achieved. 
1.3. Fundamental Transportation Problems. 
In evaluating transportation planning problems it is 
important to recognise that there are two fundamental 
categories of problems, convergent and divergent problems. 
\ (Schumacher, 1977). A convergent problem is one in which l 
alternative solutions are posed and intelligently analysedJ87 .... ~ 
until a design gradually emerges that is simply "the answer". '<J 
The solutions to convergent problems are generally fairly 
stable with time, because they obey certain engineering laws 
or relationship·s. Some examples of convergent problems in 
transportation planning would be: the capacity performance 
relationships of highway and rail facilities, the engineering 
design of the physical transport facilities etc. 
Conversely, divergent problems when studied (by different 
analysts, also intelligently) produce "answers" that 
contradict one another. The more money that is thrown at the 
problem, in the form of research grants, the more the answers 
tend to diyerge. In Chapter 3 it will be shown that some of 
the fundamental values used to measure the worth of 
alternative plans, are pairs of opposites. For example, most 
transportation strategies have objectives to provide adequate · 
highway facilities for the increasing number of car-users and ( 
at the same time to provide subsidies for public transport in 
order.to ensure there is an "equitable balance of transport". 
Two opposing aims competing for a share of the same financial 
resource: hence a divergent problem. 













requires the engineer or planner to analyse and evaluate 
proposals against mutually opposing activities or aims. As 
Schumacher (1977a) comments; divergent problems offend the 
logical mind which wishes to remove tension by coming down on 
one side of the issue or the other~ In a divergent problem 
this temptation must be understood and resisted. In 
addition, a careful distinction must be made between the 
divergent overall problem and the convergent sub-problems 
within the whole. 
Perhaps, not surprisingly, the evaluation process is 
different for these two categories of problems and two kinds 
of decision rules are appropriate to determine the preferred 
alternative (Solesbury, 1974). In convergent problems an 
optimising rule is used to choose the best alternative. In 
this--a:pproacli-an -overa-11 --crfteriOO-func't:Ton--Ts--developed 
against which all alternatives can be measured. In divergent 
problems a satisificing rule is more appropriate. 
Satisificing seeks to identify an alternative that is 
satisfactory on the grounds that it achieves an acceptable 
attainment level of maybe several diverse goals. Thus, in the 
satisificing approach only good solutions to transportation 
problems are sought and not optimal ones. 
In Chapter 5 it will be seen that the different 
evaluation methodologies use different decision rules, which 
suggests that certain methodologies may be more appropriate 
for the different categories of problems. 
1.4. The Nature Of Transportation Planning. 
Transportation planning in its fullest sense is a creative 
process. An engineer when planning and evaluating designs 
uses two distinct mental activities, sometimes separately, 
sometimes simultaneously, namely analysis and synthesis. 
(Dickerson and Robertshaw, 1975). 
* 
* 
Analysis is the breaking down of a problem into its 
component parts and understanding the relationships 
connecting the parts. De Bono (1971) characterises 
this type of thinking as sequential vertical thinking 
(or convergent thinking). 
Synthesis is the creating of a structure or framework 
from its component parts. Synthesis is associated with 
conceptual approaches to problems, the arrangement of 
information and perceptual choices. De Bono character-
ises this type of thinking as lateral thinking ,(or 
divergent thinking). 
Most formal engineering education is orientated towards 
convergent problem analysis. The student is encouraged to 
search for specific answers to problem situations, for in 
analysis the answers are often unique, or at least fall into 
well defined classes. Conflicting data is usually not present 
in a single answer problem (if it is, it is ignored) and the 
unique answer is obtained by a series of rational and logical 
procedures. Conversely, in transportation planning practice, 
many engineering problems have a multiplicity of solutions 













plans are put together in different ways until a creative and 
acceptable solution is found. Thus the planning process uses 
conflicting techniques of breaking down {analysis) and the 
building up {synthesis) in the search for the "best" 
solution. 
Therefore, planning in general and transportation planning in 
particular, can be viewed as both an art and as a science 
{Edwards and Beimborn, 1978). Planners who come from the 
architectural or urban planning backgrounds tend to emphasise 
the art aspect, ie the planner's creativity and his ability 
to synt~esis and integrate diverse sources of information. 
Planners of this sort tend to be skeptical of the technical 
and analysis type of approach to planning and rely more on 
intuitive judgement than on formalised methods. 
Conversely, planners who come from an engineering background 
favour analytical methods to evaluate the socio-technical 
data. They tend to use a more quantitative formalised 
approach to planning, which often includes the use of 
advanced mathematical-computer modeling techniques to 
evaluate the alternative plans. This fundamental paradox of 
planning, being emphasised as an art on the one side and on 
other side as a science, reflects through the whole planning 
process. 
Another "fundamental" concerning the nature of planning is 
that analysis and synthesis have an iterative structure. The 
nature of planning is shown conceptually below in Figure 1-1. 
Enter 
Direction of Increasing quality 
of Information & Data 
-
Exit 
(Decision) 'cc=~ Iterative 




FIGURE 1-1 THE NATURE OF PLANNING. 
The purpose of iteration is to improve the quality 
information put forward to the decision-maker. This statement 













information the better the decision. Obviously any 
evaluation methodology endeavours to present only the highest 
quality of information so that an informed decision can be 
made. Nevertheless it is important to realise that there is 
a point of diminishing returns where continual reiteration to 
increase the quality of information has little effect on the 
quality of the evaluation and thus ultimately the decision. 
(See Figure 1-2). 
Thus in the high information situation of transportation 
planning and evaluation,, it is important that a balance is 
'kept between the quality of the information and its value to 




Quality of Information 
QUALITY OF EVALUATION AS A FUNCTION 
OF QUALITY OF INFORMATION. 
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2. RESEARCH APPROACH. 
2.1. Introduction. 
The transportation planning process is an adaptive process, 
changing and evolving to the current demands of society. In 
recent years the techniques used in highway/transportation 
planning have become more wide ranging and comprehensive in 
an attempt to measure more and more factors that now appear 
to be relevant. Thus the simplified model of the planning 
process, "survey, analysis and plan" is no longer 
satisfactory. 
To accommodate the new breadth of issues now associated with 
planning transportation systems, a more comprehensive 
methodology or framework must be incorporated into the 
planning process. Many eminent transportation engineers 
(Manheim, 1967 & 1969; Hutchinson, 1974; Stopher and Meyburg, 
1976) suggest that such a methodology is systems analysis. In 
fact, to put it more strongly, it can be considered that the 
planning process is being restructured and engineering 
systems analysis embodies the essence of the change. 
Therefore, it i~ thought appropriate that 
description of systems analysis be undertaken. It 
that this overview will fulfill two objectives: 
a general 
is_ hoped 
* A general ,understanding of system analysis will provide a 
useful general strategy for analysing evaluation problems. 
* To provide a guiding framework 
will be prepared. 
2.2. Need For Systems Analysis. 
within which this thesis 
One of the fundamental characteristics of systems analysis is 
that it can be applied to any problem that is susceptible to 
solution by a series of decisions. Since planning is 
characterised by a series of decisions, the systems approach 
has been found to be a useful methodology around which to 
structure a framework for investigating complex 
~ransportation planning problems. 
Systems analysis does not lend itself to brief one sentence 
definitions. It has its roots based in the fields of 
operations research and general system theories. Ackoff 
(1974) describes the systems approach to problems as a 
process that focuses on systems taken as a whole, not on 
their parts, taken separately. Such an approach is concerned 
with total performance even when a change in only one or a 
few of its parts is contemplated, because there are some 
properties of systems that can only be treated adequately 













whole is more than the sum of its parts" perhaps captures the 
spirit of intent of systems analysis. 
2.3. The Systems Analysis Process. 
Thomas and Schafer (1970) suggest that the essential property 
of system analysis is that it provides a conceptual framework 
within which an analyst is assisted to think more broadly and 
comprehensively about his problems. This broad process is 
shown diagrammatically in Figure 2-1 below. 
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FIGURE 2-1 
A MODEL OF THE SYSTEMS ANALYSIS PROCESS 
(Source : Thomas and Schafer, 1970, p. 7) 
It will be seen from Figure 2-1 that the initial emphasis 
focuses on developing a clear understanding of the problem. 
The importance of this initial step can hardly be 
overemphasised, for all subsequent activities will be guided 
by the analysts understanding and definition of the problem. 
Wortman (1976) states that in dealing with complex problems, 
such as those associated with transportation planning, there 
is a natural tendency to immediately pose alternative 
solutions without first establishing the exact nature and 
scope of the problem. In addition, there i$ the danger of 
confusing and not distinguishing between the symptoms and the 





















The purpose and function of the system. 
The components or elements of the system. 
The interaction that occurs among the different elements 
within the system. 
The system effects or consequences on the outside 
environment. 
2.3.1. The System. 
Ackoff (1974a) defines a system as a set of interrelated 
elements, meaningfully connected and satisfactorily bounded, 
which interact for a common purpose or function. 
Expanding on this definition it may be said that the 
connections within the system shape the structure of the 
system, they may be time dependent or space dependent or 
both. Further, if a system is to be studied effectively, some 
boundaries must be established. The experience of the analyst 
together with the goals and objectives of the study are used 
to establish the boundaries. 
As Thomas and Schafer (1970a) point out, there is a danger 
for the inexperienced analyst to try to connect every 
possible interaction; for in a sense all systems are 
sub-systems within larger systems. For instance, a 
transportation system can be part of a national, regional or 
local system. Thus the hierarchy of systems can often be 
extended into higher-order or lower-order systems. However, 
in practice the level of analysis will be constrained by 
either some resource and/or lack of knowledge type of 
constraint or boundary. 





A system is identified by its function. 
Any system is a sub-system of a broader system. 
An element may function as part of more than one system, 
that is, it may serve many functions. 
2.3.2. The Environment. 
Thomas and Schafer (1970b) define the environment.of a system 
as the collection of elements or activities outside the 
system under study, that affects and/or is affected by that 
system. Thus the system and its environment form a 




of things that are 
environment are; 














physiographic factors, climate, limited physical resources, 
policies, etc. If the engineer decides (or tries) to control 
any of these, they become part of the system. Conversely, 
anything which can affect the system but which cannot be 
controlled by the planner is part of the environment of the 
system. Thus the "total system" refers to the system under 
study plus its environment. This is shown schematically 
below in Figure 2-2. 
Elements which affect 
performance C)otal syste~ 
control led by 




FIGURE 2-2 : A SCHEMATIC REPRESENTATION OF 
SYSTEM AND ITS ENVIRONMENT. 
System to be designed 
(Source : Dickerson and Robertshaw - p. 21). 
Thus in terms of the environment a system may be classified 
into two groups, (Carter and Homburger, 1978). 
* 
* 
An open system : one in which a change in the environment 
produces a change in the system and vice versa. Most 
traffic engineering systems are of this category. 
A closed system : one in which the environment does not 
have any influence on the system. 
2.3.3. System Consequences. 
Thomas and Schofer (1970c) define the interface between the 
system and the environment as the area where all the 
interaction between the two takes place. This interaction may 
take the form of inputs entering and outputs leaving the 
system. The effects of the inputs and outputs of ~ system on 













Particularly relevant to highway planning, is the connotation 
that consequences must be associated with time and place 
characteristics. For example, the construction of a new 
highway may be the output of the transportation planning 
process, however increased residential housing and commercial 
activities alongside its corridor may be the concomitant 
consequences. 
Thus it may be summarised: 
* 
* 
Environmental impacts (consequences) result from the 
presence and operation of systems. 
Consequences are associated with temporal and spatial 
characteristics. 
2.4. System Model-building. 
Formal modeling is basic to the systems approach to planning 
and design. The formulation and selection of the appropriate 
model is one of the key steps in the evaluation of 
alternatives. Therefore, it is appropriate that some general 
comments on the modeling process be made. 
2.4.1. Why Model The System. 
In systems analysis the development of a model is undertaken 
very near the beginning of the study. The primary purpose of 
developing a model is so that the analyst may develop a 
better understanding of the system and its structure. To 
develop a model the analyst must establish system boundaries, 
define the environment, determine system elements their 
function and relationship within the model. Models allow the 
analyst to lay out concisely his knowledge of the relevant 
aspects of the system ,under study. It also serves to show 
where the analyst's knowledge is weak and where he has 
ignored important components or interactions. This is one way 
in which systems analysis tends to reduce the narrowness 
discussed earlier. 
Modeling a system also provides the analyst with the 
opportunity to manipulate some of the values of the input 
variables and to observe the effects on the output variables. 
Thus, by carrying out a sensitivity· analysis, the analyst can 
determine which are the important or sensitive elements of 
the system. Conversely, the analysis may show that 'some 
elements have little effect on the output variables and in 
such cases the model can be simplified by their removal. 
2.4.2. The Classification Of Models. 
Generally, models used in transportation planning are 
simplified representations of reality. For in the systems 













of a real world system which is used to predict the 
performance of a system. 




Mathematical or algebraic models are the most familiar types 
of models. Only the simplest and best understood systems can 
be completely described by mathematical models. Unfortunately 
in transportation systems, the linkages of the different 
elements cannot be completely quantified and it is necessary 
to seek a means of modeling other than by algebraic 
specification. 
Sometimes physical models in the form of scale drawings or 
models are more useful for systems studies. However, not all 
ele~ents, activities and relationships are physical in nature 
and therefore defy specification. 
The third category of models is the conceptual or block 
diagram model. A good example of this type of model is the 
block organisation chart of a business firm, showing the 
elements (individuals) and structure (organisation) of the 
firm. Figure 2-1 is also an example of this type of model. 
In the systems approach to problem solving it is often useful 
to classify models in another way. Data for model-building is 
obtained from two sources: data from the real world and data 
from the analyst's value judgements. The former is objective, 
whereas the latter is subjective. Thus models can be further 
classified according to these two sources. 
* 
* 
A descriptive model essentially describes facts and 
relationships. Consequently it is free of value 
judgements and is a simple statement of facts. Some 
examples of descriptive models are Newton's laws, a 
map or a graph of traffic volume-versus-time interval. 
A prescriptive (or normative) model is one that 
the expected value (or worth or utility) 
alternative. Some examples of prescriptive 




In appraising the value of different transportation 
alternatives the systems analyst will always try to develop a 
prescriptive model, since it contains a set of criteria for 
making a decision. However, the prescriptive model will 
usually have descriptive "sub-model" parts. Therefore, the 
analyst must be aware of the prescriptive and descriptive 
nature of the different parts of his model and due to their 
subjective nature he must carefully scrutinise the former, 














Luce and Raiffa (1957) comment that regardless of the type of 
model used, the mere process of recording it on paper in a 
consistent and systemised form will provide a clear 
understanding worth as much, if not more, than any subsequent. 
numerical manipulation. 
2.4.3. Characteristics Of A Model. 
As discussed previously the basic purpose of modeling _is to 
represent the system under study, so that the relevant 
elements may be manipulated to determine their effect on the 
behaviour of the system. Thus, if a model fulfills the 
foregoing criteria, it can be said to be a good model. 
Dickerson and Robertshaw (1975a) have summarised the 
characteristics of a good m?del as follows: 
* Adequately represents the system structure. 
* Includes all important design criteria. 
* Easily interpreted and applied. 
* Low cost to produce and apply alternative tests. 
* Agrees with observation. 
However, even with good models the analyst must be_ aware of 
certain dangers or pitfalls that are always present. All 
models are incomplete or underspecified and thus give rise to 
two basic errors (Jackson and Burrell, 1977). 
* 
* 
Specification Errors : arise from the simplification in a 
model of the phenomenon that is being represented. An 
example would be representing a complex non-linear 
relationship by a simple linear expression. 
Measurement Errors : arise from inaccurate assessment of a 
variable. An example would be an under-reporting of 
the number of accidents on a section of highway. 
Another common failing of modeling is that the analyst may 
leave out certain factors that are significant but are 
difficult to quantify. For example, until recently travel 
demand models only took into account the transportation 
system attributes of time and cost; and left out other 
important attributes such as comfort, convenience and 
reliability which were difficult to quantify. (Spear, 1975) 




Figure 2-1 it will be seen that following the 
process, the resources allocated to the study 













of the analysis. Thus, the analyst must try to ensure that 
the different elements of the systems analysis process are in 
balance with the resource constraints and that these 
constraints are relevant and sensible. 
Several inter-related elements now follow in the analysis 
process: 
* Formalise and calibrate models. 
* Establish criteria for design and evaluation. 
* Test and evaluate the existing systems. 
* Test and evaluate alternative systems. 
The model will represent the interactions and relationships 
between the different system elements that together reflect 
the problem statement. The establishment of criteria are used 
to measure the performance of the system and any alternatives 
that may be proposed. The criteria used to measure system 
performance should reflect the goals and objectives that have 
been established for the study. (A further discussion of 
goals, objectives and criteria is presented in Section 3.5 of 
the thesis). The testing and evaluating of the existing 
system will demonstrate whether the model adequately 
represents the system structure and whether the design 
criteria represent a reliable basis for judging system 
performance. The above steps may have to be cycled through a 
number of times until through a process of interactive 
linkages (see Figure 2-1) the different elements of the 
process are in harmony or balance and the need for 
modification is no longer required. 
2.6. Synthesizing Of Alternatives. 
Another key activity in the systems analysis process is the 
design of alternative solutions. In this activity, 
alternative systems must be conceived and designed that will 
improve the performance of the existing system. This 
difficult task requires the analyst to be creative and 
imaginative. Creativity and imagination are elements of 
synthesis. As mentioned in Section 1.4, in problem solving, 
use is made of both analysis and synthesis techniques. 
A key element in creativity is the abilty to generate ideas. 
Dickerson and Robertshaw (1975b) cite as one of the major 
reasons for the low quality in designs is the failure on the 
part the designer to generate many alternative solutions to a 
problem. Thus, the ability of an evaluation technique to 
compare the relative merits of alternative designs is 
ultimately conditioned. by the quality of the plans put 
forward for appraisal. Consequently, a "good" plan cannot be 













2.6.1. Some Principles Of Creative Thinking. 
In Section 1.4 it was suggested that creative synthesis, or 
lateral thi~king is a complementary, yet distinct thinking 
process to the traditional logical vertical thinking. De Bono 
(1971) defines lateral thinking as a specific way of using 
information in order to bring about creative ideas to a 
problem situatiQn. 
According to De Bono the principles of creative thinking can 







To generate many innovative and maybe wild ideas. 
To defer evaluation of alternative ideas 
(ie potential solutions). 
To recognise dominant or polarizing ideas. 
To search for different ways of looking at things. 
To relax the rigid control of vertical thinking. 
To use chance and other methods in order to introduce 
discontinuity of thought. 
The above principles give weight to the statement made by 
Weinstein and Angrist (1970) that the two major enemies of 
.new ideas can~be (surprisingly) logic and commonsense. 
2.6.2. Aids To The Synthesis Of Alternatives. 
The function of synthesis is to create alternatives that rank 
high on the evaluation scale. There is no formalised method 
that will pFoduce these alternatives although there are 
certain techniques which have been shown to enhance the 
creative process and are increasingly being used in the 
general planning process. 
It is beyond the scope of this study to go into these 
techniques in any detail, but it is important to understand 
how they relate to the planning process in general and the 
evaluation element in particular. 
Dickerson and Robertshaw (1975c) suggest the following 
techniques as aids to creative thinking: 
* 
* 
Morphological methods (ordered characteristics) 
Alternative branching 
Matrix construction 


















Lateral Thinking Techniques 
* Historical data (past experience) 
regardless of which techniques are used as aids for creative 
thinking, it must be remembered that by definition they are 
only aids for thinking. Thinking and formulating the problem 
is probably the most important aspect in the whole system 
analysis process (Figure 2-1). Bailey (1970), who has made a 
comprehensive study of the creative aspects of problem 
solving, suggests that the analyst must develop a 
constructive discontent for the system and environment that 
is to be analysed. Thus, preconditioning the use of any of 
the techniques used in systems analysis, there must be a 
personal discontent developed by the analyst, for only then 
will there be a commitment and movitation to find a creative 
solution. 
2.7. Systems Analysis As A Framework For Analysis & Synthesis 
It is hoped that the foregoing brief overview has 
demonstrated that systems analysis is a co-ordinated set of 
procedures which are eminently suited to the analysis and 
synthesis of fundamental planning and design issues. 
De Neufville and Stafford (1971) have summarised some of the 
functional characteristics of using systems analysis from the 








It is a general problem-solving procedure that uses a 
rational basis for decision-taking. 
It considers the total system and yet allows a logical 
progression from the general to the specific to be used. 
It sharpens the designer's awareness of his objectives by 
forcing him to make explicit statements about what they 
are and how they are to be measured. 
It establishes procedures for generating a large number of 
possible solutions and for determining efficient methods 
to search through them. 
In generating alternative solutions it encourages 
creativity and innovation by subjecting all ideas, and 
alternatives to the same open, impartial evaluation. 
It assembles optimization techniques which can select 
favourable alternatives. 
It suggests strategies of decision-making 
used in the evaluation and selection 
alternatives. 
which can be 
of possible 
Obviously, the above positive attributes must be tempered 
with the thought that systems analysis is not the panacea for 













divergent in nature. In common with all evaluation 
techniques and analytical tools, their effectiveness is 
totally dependent on the user. Fortunately, the limitations 
and common sources of error in the use of systems analysis 
have been well documented (Quade, 1968). However, to quote 
Thomas and Schafer; "the essential property of systems 
analysis is that it provides an organised framework within 
which the analyst may think more broadly and comprehensively 
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3. EVALUATION IN THE PLANNING PROCESS. 
3.1. The Design Process - A Formalised Framework. 
Although the principal subject of this study is the 
"evaluation process", in accordance with the proposed systems 
approach, it would appear beneficial to our understanding, to 
first derive the relationship between the parts of the design 
process (or system) and the evaluation element . before 
analysing in detail the evaluation phase. 
Lichfield et al (1975) have defined the planning process as a 
course of activity that is intended to increase understanding 
of the nature of probl-ems. This requires the examination of 
all possible existing alternative solutions and their 
relative merits. 
The far-reaching consequences and high cost of transportation 
infrastructure requires that analysis and synthesis of 
alternative designs take place in a rational and formalised 
framework. Ideally, the framework should be capable of 
including the often complex and large number of variables 
that are now associated with transportation engineering 
problems. The framework or design process must also recognise 
the dynamic nature of design situations and permit full 
accounting of both present and future conditions in searching 
for, analysing.and evaluating design alternatives. 
As Wohl and Martin (1967) point out, the formalisation of the 
design process should not be thought of as reducing all 
variables to a common denominator but rather as a process 
that permits consistent evaluation of different design 
solutions against a common set of design variables, value 
scales and objective functions. Wohl and Martin have 
formalised the transportation engineering design process as 
shown in block diagram form in Figure 3-1. 
Perhaps not surprisingly, it will be noted that the specific 
tasks or steps formalised above are in a similar sequence to 
the systems analysis process shown in Figure 2-1. The other 
systems characteristic to be noted is the interactive 
feedback linkages, which allow the whole structure to ~e 
refined in the light of new information. 
Lichfield et al (1975a) have formalis~d a more general 
planning design model which is shown in Figure 3-2. This 
general model of the planning process was obtained by 
Lichfield from studying about one hundred normative and 
descriptive models used in planning studies in the United 
Kingdom and United States during the past decade. It will, 
therefore form a good basis to understand in a general way, 
what inter-relationships exist between evaluation and the 
other planning activities. 













Selection of goals and objectives 
and problem definition 
l 
Determination of system elements -- or variables .--1 
Data ! • I 
collection I - Formulation of system model -and· I 
analysis ! I 
. and testing Search for and spec i f i ca t i on of I -
alternative designs for consideration I 
t ! I I 





I Implementation and operation of I the preferred design 
I I l I I 
L -- --- Modify goals and/or redefine problem I 
I L-___ __ _I 
FIGURE 3-1 DESIGN PROCESS FOR TRAFFIC ENGINEERING. 
(Source : Wohl and Martin, 1967, p. 8) 
Thus the aim of this section of the study is two-fold. 
* 
* 
It is believed that an understanding of how evaluation 
principles and methods relate tQ the general planning 
process will improve the quality of decisions made. 
/ 
Improvements to the quality of plan designs are likely 
if the principles of plan assessment and the nature of 
the measures to be used in the evaluation are known in 
advance of those whose task it is to design, ie to 
integrate the design elements with the evaluation 
element. 











STAGE 1. Prellmlnary recognition and definition of problems 
STAGE 2. Decision to act and definition of the planning task 
STAGE 3. Data collection, analysis, and forecasting -- .. 
; STAGE 4. Determination of constra lnts and objectives 
-STAGE 5. Formulation of operational criteria for design 
( 
STAGE B. Plan design 
STAGE 7. Testing of alternative plans 
STAGE 8. Plan evaluatlon I 
I -
STAGE 9. Decision - taking . 
_, STAGE 10. Plan. lmplemenUtJon 
STAGE 11. Review of planned developments through· time 
~ ,,,,,,,,,, -,,,,,,,,,, ,,,,,,, 
FIGURE 3-2 : CONCEPTUAL MODEL OF THE PLANNING PROCESS 
SHOWING EVALUATION ASSOCIATED LINKAGES. 
(Source : Lichfield et al, (1975) p. 40) 
3.2. A Model Of A General Planning Process. 
3-3 
From Lichfield'~ review of literature a general model has 
been developed. The model is presented at two levels of 
detail, in Figure 3-2 the eleven main activities are outlined 
and in Figure 3-3 each activity is broken down into its 
constituent elements. 












-FIGURE 3-3 . THE MODEL IN MORE DETAIL 
(Source: Lichfield et al.(1975),pp.20-21) .. 
1. Preliminary recognition and definition of problems. 
1.1 Surveillance and analysis of relevant problems. 
1.2 Comparison of existing and forecast conditions, in 
order to identify problems requiring examination. 
1.3 Assessment of problem significance. 
2. Decision to act and definition of the planning task. 
3-4 
2.1 Decision to investigate the problems and alternative 
courses of action. 
2.2 Definition of the purpose of the planning task. 
2.3 Formulation of goals for the plan. 
2.4 Formulation of approach to the study and to the 
design and evaluation of alternative plans. 
3. Data collection, analysis, and forecasting. 
3.1 Collection and analysis to the planning problems. 
3.2 Forecasting the scope for change in urban and 
regional developments. 
3.3 Determination of evaluation data requirements. 
4. Determination of constraints and objectives. 
4.1 Determination of constaints. 
4.2 Determination of objectives for the plan. 
s. Formulation of. operational criteria for design. 
s.1 Formulation of measures for the objectives. 
s.2 Collection of evidence on the relative importance 
objective achievements. 
6. Plan design. 
6.1 Selection of one or more design methods. 
6.2 Use of design criteria to prepare alternative 
plans. 
~. Testing of alternative plans. 
7.1 Testing of internal consistency. 
7.2 Assessment of feasibility with respect to 
constraints. 
8. Plan evaluation. 
of 
8.1 Measurement of levels of achievement of objectives. 
8. 2 Apprai.sal of the evidence produced. 
8.3 Setting down of findings in a logical framework. 
8.4 Making of recommendation to decision-takers. 
9. Decision-taking. 
9.1 Collaboration and debate among decision-takers. 
9.2 Collective choice of the preferred plan. 
10.Plan implementation. 
10.1 Establishment of machinery for implementation. 
10.2 Initiation of planned developments. 
11.Review of planned developments through time. 
. 11.1 Observation of consequences of the adopted plan. 
11.2 Comparison with predicted outcomes and appraisal of 
the significance of any unanticipated consequences. 
11.3 Identification of new problems arising. 












For convenient simplification, the model activities and 
elements have been set out as a linear, sequential process. 
In practice it is recognised as desirable to recycle through 
certain activities, in the light of what has been learned. 
It is also likely that many of the planning activities will 
be undertaken simultaneously. 
It is now necessary to identify and amplify certain threads 
within the general planning process, those activities which 
are linked and therefore have a bearing on the evaluation 
activity. In the above planning process stages 1 and 2 are 
preliminaries to the main activities of planning and stages 
10 and 11, which follow the decision, do not normally involve 
the planning team. Thus it is stages 3 9 which will be 
studied to identify any evaluation-associated linkages. 
3.3. Data Collection, Analysis And Forecasting. 
If cognisance is not taken of the evaluation-associated 
linkages with this stage of planning, a situation can arise 
where the choice of data collected and the unit measures of 
performance used in the analysis will not be consistent with 
the units of measure in the evaluation phase (De Neufville 
and Stafford,1978). For example, if one was planning a mass 
transportation system, how should cost be analysed so that 
cheapness can be evaluated. In rands per passenger km? 
Rands per ride? or Rands per vehicle km? Each could be used 
as a measure of evaluation. For instance, if the units of 
analysis were cost per passenger-km, the evaluation would 
favour alternatives with long, high-density hauls where 
overheads could be shared over many trips. The use of cost 
per ride as an index would favour the evaluation of a dense, 
closely spaced alternative. Finally, costs per vehicle as a 
unit of analysis would favour the evaluation of alternatives 
with ·small vehicles or carriages. 
Therefore, the choice of units of performance in the data 
collection and analysis phase should be thought of as 
linkages which can condition the evaluation stage. 
The data collection element can be made more cost-effective 
in certain instances where preliminary evaluation work is 
carried out in association with it, thereby influencing the 
kind of data collected. The evaluation linkage may take the 
form of attitudinal surveys to determine the nature,Pf the 
preferences of community groups or sectors within the study 
area. 
In major planning studies there is sometimes a subtle 
separation of responsibilty between those responsible for the 
collecting of data, analysis and the preparing of alternative 
plans, and those responsible for their comparative 
evaluation. For example, specialist economic consultants are 
a common occurrence. Therefore, those who undertake the 
evaluation exercise must participate throughout the early 
stages of the planning process, in order to avoid any 
internal inconsistencies between the data collection and 
analysis phase and that of the evaluation phase. 












3.4. Determination Of Constraints And Objectives. 
There is a fundamental dilemma between the two terms 
constraints and objectives, since the purpose of planning 
constraints is to set limits on the way planning objectives 





a systems approach to planning it will be 
boundaries or constraints, must always be 
Further it will be remembered that the 
the study are used to establish the boundaries. 
3.4.1. Classifying Constraints. 
It will be noted from Figure 3-2 that constraints (and 
objectives) are determined primarily at the time that 
operational criteria are developed. Constraints represent 
certain pre-conditions that alternative plans must meet in 
order that they may proceed further along the evaluation 
process. Constraints can be classified into three classes. 
(Dickerson and Robertshaw 1975). 
* An effectiveness limit, that is a lower bound, placed 
upon some aspect of the effectiveness or performance 
of the system. Planning standards fall into this 
category of constraint and are taken as the 
constraints that previous experience have shown to 
be useful and reasonable to achieve. A level of 
service 'C' would be an example of an effectiveness 
limit for traffic performance in a highway design 
problem. 
* A cost constraint is an upper limit placed on the use of 
resources. For example, budget constraints, natural 
resource constraints and time constraints are imposed 
on most planning problems. 
* A design constraint is a limitatio~ on a physical aspect 
or operational characteristic of the design. An example 
of this would be the request that an urban highway be 
designed to accommqdate some form of bus priority in 
peak travel hours. 
Following the above considerations, it should be added that 
. ' constraints are not determined fully and irrevocably ~t the 
beginning of the study, but by a process of iteratio9. It is 
the analyst's duty to establish the validity of the 
constraints (ie boundaries) and once established, they should 
reflect in turn the relevance or importance of the objectives 
for the design and evaluation. 
The primary purpose of constraints is therefore, to imbibe a 
concept of resource-effectiveness into the design and 
evaluation stages by limiting the area and hence, the costs 
within which the search for alternatives may take place. 













3.4.2. Determination Of Objectives. 
If the evaluation phase of the planning process is defined as 
that eleme~t which attempts to measure and compare the 
ability of alternative plans to achieve stated objectives, 
the importance of the linkage between evaluation and 
objectives can hardly be over-stressed (Scott Rutherford et 
al 1973). Objectives constitute a central part ·in the process 
of plan generation and evaluation and have an operational 
significance greater than any of the other linkages. 
Firstly, an objective serves as a guideline and focal point 
for the development of alternative designs. Secondly, 
objectives form the very basis of evaluation, since an 
objective should lead to criteria for evaluating the 
alternative projects in the final decision process. It is 
this second aspect; the relationship between objectives and 
evaluation that will be discussed in more detail in the 
following paragraphs. 
3.5. Values, Goals And Objectives. 
Values, goals and objectives and criteria are words to which 
planners often refer without agreement (or understanding) as 
to the distinction between them or the functional 
relationship between them. Wachs and Schafer (1969) suggest 
the main reason for confusion among the terms mentioned is 
that all the words are high-level abstractions. Thus there 
is a difficulty in referencing these terms to something 
tangible in a physical sense and to one another in a 





Values form a set of certain irreducibles which form the 
basic desires and drives governing the behaviour of 
people and groups of people. Thus, it is possible to 
identify a societal or cultural value framework in 
planning. Examples of values adopted in planning are 
economy, safety, equity, mobility, amenity, etc. 
Goals are generalised statements which broadly relate 
the physical environment to values but to which no test 
for fulfillment may be readily applied, because they are 
also high-level abstractions. Examples of goals in 
planning; to provide equal opportunity of access, to 
expand and improve the public transport service in the 
metropolitan area at a reasonable rate, etc. 
Objectives are specific statements which are attainable 
and measureable because of their reference to a 
physical world. Examples of objectives; to increase the 
vehicle capacity of a highway, to spread peak traffic 
demand, to reduce public transport user costs. 
Criteria are specific measures or tests which reflect 
the degree of attainment of particular objectives. The 













well known criteria of travel time and road-users cost 
are examples of criteria that are often used to measure 
the performance of different highway facilities. 
Standards are the minimum acceptable levels of criteria 
measures or tests. From Section 3.4.1 a standard can 
also be considered as a form of constraint and therefore 
a standard is useful in routinizing the evaluation of 
alternatives. The consideration of only those 
alternative alignments of a highway that can attain a 
design speed of lOOkm/hr, is an example of the use of a 
criterion as a standard and a constraint. However, as 
Teitz (1968) comments, one must guard against 
technical performance standards unnecessarily 
constraining the evaluation and the analyst must always 
ensure that they are relevant and appropriate measures 
of performances. 
3.5.1. Fundamental Transportation Values And Goals. 
One can classify goals in transportation planning into three 
principle categories (Marglin,1967). 
* Goals concerned with economic and resource efficiency 
ie the maximisation of returns on investments 
regardless of to whom they may accrue or at whose 
cost. These goals are related to the value function 
"efficiency". 
* Goals concerned with redistribution of income ie the 
promotion of the welfare of a particular sector of the 
community or a certain area of the country. These goals 
are related to the value function "equity". 
* Goals concerned with the fulfillment of desires which 
cannot be satisfactorily justified through their 
economic worth. Environmental goals, such as the 
conservation of fauna and flora, wilderness areas, 
and aesthetic considerations are examples. These goals 
can be related to many different value . functions 
and unfortunately, do not lend themselves to 
neat categorisation. However, they are usually 
related to such abstract values as "freedom", 
"health", "safety", "amenity", "diversity" and 
"ownership". Generally speaking in transportatipn 
planning, these goals are related to "social and 
environmental amenity". 
From the above categorisation it will be realised that many 
transportation strategies will have values and goals that are 
not mutually supporting and quite often will be in polar-like 
opposition, particularly when the problems they are 
addressing are of a divergent nature. The divergent nature 
of transportation values merely reflects the fundamental yet 
conflicting needs of human society. For example society needs 
stability and change; tradition and innovation; public 
interest and private interest; freedom and order; efficiency 
and equity; etc. As Schumacher (1977) comments society's 












health depends on the simultaneous pursuit of the above 
mutually opposing values. Similarly, many transportation 
strategies will reflect these opposing societal values and 
thus, ideally the framework of an evaluation methodology 
should be able to accommodate these divergent values. 
However, some attempts at formulating goals have proved 
to be of little value in guiding the planning process, not so 
much that the goals were in polar-like conflict, but rather 
because they were too abstract or utopian. Thomson (1974) 
suggests that goals, as a general guide, should attempt to 
remove deficiencies where facilities fall below peoples 
conscious desires rather than aim to provide new and better 
facilities which have not yet entered into their conscious 
expectation. The concept of appropriate technology as 
expounded by Schumacher echoes the above statement. 
(Schumacher, 1973). 
3.5.2. The Hierarchical Structure. 
Another characteristic of values and goals that has an 
important evaluation linkage is that they have a hierarchical 
nature. Figure 3-4 shows the possible interrelationships 
among values, goals, objectives and criteria for the 
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DIRECT LINKAGE INDIRECT (LATERAL) LINKAGE 
FIGURE 3-4 HIERARCHICAL INTER-RELATIONSHIP AMONG VALUES, 
GOALS, OBJECTIVES AND CRITERIA. 
(Based on Wachs and Schofer,1969). 












The following observations can be made from the conceptual 






Some criteria (C9 for example) may measure 




Similarly some objectives (03 for example) might 
partially contribute to the satisfaction of two or 
more goals (G2 & G3 for example). 
One goal could contribute to the satisfaction of more 
than.one value. 
In the physical evaluation of alternative systems it 
is possible that a high attainment of one criterion 
pre-determines a low attainment of another criterion, 
with both criteria relating to the same objective 
(for CS & C6 relating to 02). 
For reasons of simplicity only vertical relationships 
in the structure have been developed, but in reality 
there are also lateral linkages. For example, the 
lateral linkages between such values as safety and 
economy may present a conflicting interaction lower 
down in the structure, where trade-offs between 
criteria must be considered. The above example of 
conflicting criteria CS & C6 is also evidence of 
a lateral interrelationship. 
From these observations the 
drawn that are relevant to 
evaluation process: 
following conclusions may be 
our understanding of the 
(i) It is of paramount importance that the analyst takes 
account of the hierarchical value structure when 
using goal-orientated evaluation techniques, 
such as cost-effectiveness analysis and plan ranking 
schemes. For even when objectives or criteria are 
explicitly stated as being of equal importance 
or weight, because of the complex 
inter-relationship, ·this importance or ~eight may 
not be reflected through the hierarchy (in either 
direction, to say the goals and values), unless the 
analyst clearly understands the value structure of 
the study. 
(ii) At each level within the hierarchical structure it 
is possible to have a lateral inter-relationship 
which gives rise to complementary elements or 
conflicting elements. The analyst should give 
consideration to the fact that complementary 
elements have an additive effect through the 
structure (double counting). However, if 
conflicting elements are present, then an 
effort should be made to reformulate the 
particular goals and objectives, to minimise 
internal conflicts (Craven et al, 1979). Where this 
is not possible, consideration must be given 
to trade-offs between the conflicting 












objectives or criteria. 
(iii} For the value hierarchy to serve as an effective 
guide for developing and evaluating alternative 
projects, goals and objectives should be established 
at the beginning of the planning cycle. Thus the 
generation of alternative plans will occur within 
a logical and consistent framework and the 
evaluation of these plans in terms of the degree to 
which they fulfill objectives will become a much 
simpler process. 
Thus even given a well defined set of clear goals, the 
determination of planning objectives and criteria for 
subsequent evaluation is still a complex and daunting task, 
though hopefully the foregoing thoughts will make the 
evaluation part mor.e effective. 
3.5.3. The Relative Importance Of Goals And Objectives 
Figure 3-4 and Section 3.5.1 showed that goals and objectives 
are not necessarily mutually supporting, nor usually is their 
relative weight or importance to one another constant or 
equal. Therefore, one of the key activities linked to the 
evaluation stage is the determination of the relative 
importance or weight of goals, objectives and criteria. 
How the relative weight of goals and objectives can be 
determined will be discussed in Section 4.3.2. What requires 
emphasis here, is that since the development of objectives 
constitutes a central part in the evaluation process, then 
how the relative weights of the objectives are determined is 
of paramount importance to the evaluation stage of the 
planning process. 
3.6. Formulation Of Operational Criteria For Design. 
In the conceptual model (Figure 3-2} it will be noted that 
the determination of the design criteria stage is formally 
linked back to both the data collection, constraints/ 
objectives stages and forward to the evaluation phase. These 
linkages demonstrate clearly that the formulation of 
operational criteria for a design is a very important element 
within the planning system. 
The formulation of operational criteria for design is 
concerned with the translation of planning objectives into 
some operational form, useful for design. This was discussed 
in Section 3.5, where it was stressed that the criteria 
selected for design should also be ·appropriate for the 
evaluation stage. The common use of travel time saved in 
transportation studies is a good example of the selection of 
a criterion for design that presents consequential 
difficulties in interpreting the measures of benefit in the 
evaluation stage (Neuburger, 1971). The problems of placing 
an economic value on travel time saved are well documented. 












(Stopher & Meyburg,1976). 
In general, transportation systems have multiple goals and 
objectives and evaluation too should therefore be based on 
multiple criteria. It follows from this statement that there 
can be no standardised set of criteria on which evaluation 
can be based. In some studies there will be an emphasis on 
economic criteria, whereas others will emphasise 
environmental criteria. However, the emphasis in each case 
should reflect the value-goal structure of the study. 
3.7. Plan Design And The Testing Of Alternative Plans. 
These two elements of the design process are concerned with 
the paradoxial aspect of checking the alternative designs for 
internal and external consistency. The connotation of 
internal consistency relates back to planning objectives and 
ensures that the alternative plans generated meet the stated 
objectives. External consistency ensures feasibility in the 
sense that all alternative plans generated must meet the 
planning constraints prior to evaluation. 
It should be noted that although the design and testing of 
alternative elements are linked to the evaluation element, 
there is a functional distinction between them. The former 
activity involves the individual analysis of each plan in 
order to determine whether it is feasible (ie capable of 
implementation in the form envisaged), whereas evaluation is 
concerned with comparative analysis. Since it is a waste of 
time and resources to evaluate impracticable alternatives, 
the testing of plans should therefore be undertaken prior to 
evaluation. 
The generation of alternative plans is an important element 
in the planning proc ss, since the engineer can only be 
confident of evaluating and selecting the preferred plan if a 
wide range of alternatives is considered. 
3.8. Evaluation And Decision-taking. 
Figure 3-3 shows that the main element in the plan evaluation 
phase is to measure the levels of achievement of objectives 
and then to appraise the resulting evidence. The resulting 
information should then be presented in a rational way to the 
decision-maker, so that an informed decision can be made. The 
submission of a set of recommendations to the decision-takers 
should therefore, be primarily an information document that 
reveals the implications and trade-offs of the alternative 
plans. Plan evaluation is therefore, not a decision 
document. According to Lichfield et al (1975b), the function 
of evaluation is to provide the best information possible to 
those whose responsibility it is to make and justify 
decisions. 
We have considered all the evaluation associated linkages 
prior to that of evaluation, now we must consider the last 














linkage which occurs after evaluation, the decision-taking 
stage. 
This chapter of the thesis has shown that the whole planning 
process is characterised by a series of decisions. The reason 
for using the systems approach to planning was to ensure that 
these series of decisions were made in a consistent and 
rational basis. It has also been shown that the actual basis 
of a decision depends on the value scale used by the decision 
maker. Thus two people considering the same problem and data 
set may arrive at different decisions because they use 
different value scales. 
In practice the decision takers' criteria for choosing 
between the set of alternative plans evaluated by the 
planning team is not normally known in advance of evaluation. 
Moreover, most decision-takers generally reserve the right to 
interpret proffered evidence on advantages and disadvantages 
of alternatives in their own way. 
It is therefore, a common experience for the engineer to 
recommend one alternative for implementation and the 
decisiontaker to select another. This situation occurs 
because the evaluation linkage was absent or deliberately not 
used, due to two different value scales having been used as a 
basis for eventual choice. 
The "evaluation dilemma" will be most acute (or at a maximum) 
where evaluation and decision-taking is carried out in a 
"closed system". This occurs where there is little 
opportunity for "triangular" debate between the planning 
team, the general public and the decision-takers. The 
"evaluation dilemma" will be least (or at a minimum) in an 
"open system" when the linkage between evaluation and 
decision-taking has been recognised. This situation is 
moving towards the ideal of merging the evaluation and 
decision taking elements, with connotions of co-determination 
as the basis of eventual choice. However, if it is 
recognised that this evaluation dilemma will be present in 
most choice situations, an effort can be made to minimise it. 
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4. THE PROCESS IN EVALUATION. 
4.1. The Nature Of Evaluation. 
Evaluation, like judgement and criticism are all aspec'ts of 
the same thing, the result of reasoning. It has been 
suggested that in planning in general and in evaluation in 
particular the formalisation for reasoning should be system 
analysis (Chapter 2). Thus, the purpose of this section will 
be to attempt to structure the evaluation process by looking 
at some of the fundamental principles of evaluation, thereby 
providing a framework by which alternative plans can be 
appraised. 
In Chapter 3 it was shown that the evaluation process does 
not operate in glorious isolation within the planning 
process. Several evaluation interfaces or linkages with the 
other planning activities were identified. It was shown that 
the planning process is characterised by a series of 
decisions and that even prior to the evaluation and selection 
phases, many partial decisions were made. The early synthesis 
of alternative plans as a result is often made in 
comparatively large vacuums of information.· 
To overcome areas with low levels of information, another 
characteristic of the planning process was identified, that 
of iteration. The purpose of these iterative linkages is to 
improve the quality of the output of the individual element 
in the process and ultimately the quality of the final 
evaluation and decision-taking elements. Thus, if in the 
evaluation process a new alternative emerges, it must be 
possible to return to the preceeding activities. 
4.2. Scope Of The Evaluation Process. 
If one is to be effective in examining some of the principle 
elements of the evaluation process it is necessary to define 
the scope or boundaries thereof. The evaluation process can 
be bounded by consideration of two kinds of planning 
constraints: 
* Planning Horizon 
* Time Horizon 
Section 2.3.1 stated that one of the characteristics of the 
systems approach to planning is that any system is a 
sub-system of a broader system. Therefore in evaluating 
highwa·y plans it is possible and necessary to distinguish 
between these different planning systems or levels of 
planning, eg national, regional, sub area or corridor. Wachs 
















et al (1974) argue that in fact there are two fundamental 
levels or scales of planning, namely system or network level 
planning and a lower localised level; project or facility 
planning. 
The systemwide planning horizon is concerned with broad brush 
design alternatives and is characterised by a broad planning 
perspective and a long range time horizon - about 10 to 25 
years or longer. The length of highways considered are long, 
100 - 1000 kilometres and the planning effort is focused on 
the evaluation of highway networks or corridors. The 
corridors of interest are generally wide, making it difficult 
to specify precisely the total cost or the social and 
environmental impacts. 
The localised planning horizon is concerned with the precise 
location and design of components of a regional network. It 
is thus characterised by a localised planning perspective and 
a short range time horizon of about 1 to 5 years. The length 
of highway considered is of the order of 1 to 50 kilometres 
long and the corridor of interest much narrower, say 100 m to 
300 m wide. In the evaluation of alternative alignments at 
this .level of planning, precise estimates of facility costs 
together with social and environmental impacts can be 
determined. 
The nature of planning necessitates that the two planning 
horizons be functionally linked, but in practice they are 
often treated as separate and unrelated activities. (Bellomo 
et al, 1977). A major factor in this level mismatch is the 
tendency for different levels of government and organisations 
to have responsibilty for distinct scales of transportation 
planning. When the two levels of planning become functionally 
separated, as is often the case in transportation planning, 
it is hardly surprising that often highway - transit plans 
generate much public controversy. 
Evaluation can be conducted at essentially two levels of 
planning. Each level uses different sorts of information in 
formulating the alternatives, the values and therefore the 
criteria used to evaluate plan performance can be very 
different. 
4.3. Measurement Of Plan Performance. 
4.3.1. A Value Framework. 
One of the fundamental prerequisites for an evaluation 
process to function is the need for a value framework or 
scale for measuring the relative worth of the alternative 
plans. However, different value scales will apply to the 












evaluation of plans at different levels of planning. 
Wachs et al (1974a) suggest that unitary values generally are 
applied to systemwide planning and individualistic or 
sectorial values are applied to localised project planning. 
Meyerson and Banfield (1955) define the unitary values as 
values that are seen as pertaining equally to the general 
well-being of all members of society, ie it is aggregated and 
societal in concept. Alternatively, individualistic values, 
as the term implies, are values that are seen as relevant to 
individuals or groups, ie it is disaggregate or sectorial in 
concept. As Wachs comments, a distinction between unitary and 
individualistic values helps clarify the differences between 
transportation system planning and the consequences and 
conflicts associated with the localised planning of 
individual projects and facilities. 
In the transportation planning process, the analysis and 
forecasting elements often use elaborate mathematical models, 
such as trip generation, trip distribution, modal split 
analysis and traffic assignment. The ensuing evaluation of 
the alternative network is undertaken by comparing 
cost-benefits or cost-effectiveness indices generated from 
the output information of the models. Thus the evaluation 
process compares the measurement of system or network 
performance based on unitary values without regard to the 
distribution of the concomitant benefits and disbenefits. 
In fact, in the opinion of many eminent engineers and 
planners, the sophistication of systemwide planning in terms 
of quantitive models and the ability to predict future system 
performance has far outstripped the localised planning 
techniques in their ability to measure and evaluate plan 
performance at the individual or sectorial level. 
A good local example of different value scales being used to 
evaluate a highway plan is the Kirstenbosch Freeway. Here 
the engineers and planners considered the Kirstenbosch link 
as an element of a total system plan which had previously 
been evaluated primarily in terms of unitary concepts of 
performance, ie minimum total transportation ,cost and 
completing the system arguments. 
In contrast with the unitary values of the engineers, the 
benefits and costs of the facility were perceived as highly 
disaggregate and sectorial in concept by individuals, groups 
of ratepayers and environmental interest groups. It was 
argued that the aesthetic and noise consequences of the 
elevated freeway on the public gardens and surrounding 
private properties were unacceptable. Thus the measurement of 
plan performance has been evaluated using two different value 
scales; the engineers and planners using the unitary values 
and the affected citizens using the individualistic values. 















Therefore, in hindsight it would appear as if a contributing 
factor to the Kirstenbosch Freeway controversy was an 
imbalance between systemwide service requirements and 
localised disaggregate requirements. 
The values "generally" (refer 
evaluating transportation 
societal values of: 
* Efficiency 
* Equity, 
to Section· 3.5.1} used for 
plans embody the fundamental 
* Social and environmental amenity 
It is suggested that these three values should form the 
fundamental criteria or frames of reference for evaluating 
alternative transportation plans. 
The value of efficiency is used to determine the proposal 
that yields the most efficient allocation of resources for 
society as a whole. Thus the principle of efficiency is 
generally unitary in concept, concerned with the maximisation 
of the total system net benefit. 
The value of equity is concerned with the fairness of the 
impact and incidence of the proposed allocation of these 
resources on society or sectors of society. It can be either 
unitary or sectorial in concept. In transportation planning, 
the principle of equity is either sectorial or 
individualistic in concept and is concerned that each sector 
or individual receives its fair share of benefits (and/or 
penalities}. 
The value of social and environmental amenity is used to 
determine the impact and consequences of the proposal on the 
environmental system as a whole and on its constituent 
sub-systems, eg community groups, ecologically sensitive 
areas, aesthetic impact, etc. For clarity it should be added 
that amenity epitomises the positive qualities of 
convenience, safety, health, beauty, etc, as opposed to the 
negative qualities of inconvenience, hazard, poLlution, 
ugliness, etc. The value of amenity can thus be either 
unitary or individualistic in concept. 
The value-goal framework, as has been shown in Section 3.5.1, 
is further complicated by the reality that values and goals 
are not necessarily mutually supporting, nor is their 
relative weight or importance to one another always constant 
with respect to time. For instance, values such as economic 
efficiency and environmental amenity are often related to 
different time frames (Munn, 1975). Economic aspects are 
concerned with maximising gains over a time scale 10 to 20 
years, whilst environmental considerations are concerned with 












minimising liabilities over a· time scale of 50 years and 
longer. 
The two scales of value, that is unitary and sectorial, have 
given rise to different techniques of evaluation being 
developed. Since transportation planning is a dynamic 
process, with the fundamentals. remain the same, there is 
through the passage of time, a change in emphasis. Heightchew 
(1979) believes that the emphasis and balance of our values 
in the evaluation framework is a direct function of the 
"historical mood" of society. The current emphasis in 
planning is away from unitary value systems and towards group 
or community value systems. Methodologies such as 
cost-benefit analysis, which are unitary value orientated, 
are therefore gaining disfavour (by some!) while methods like 
goals achievements matrix, which are community_ orientated, 
are finding increasing favour. 
4.3.2. Goals - Objectives - Weights. 
In all evaluation methodologies the primary purpose of 
developing a comprehensive set of goals and objectives is to 
give the planning process and the evaluation element, 
direction and meaning. Section 3.5 showed that study goals 
and objectives are related in a hierarchical relationship to 
a framework of fundamental values. It was shown that within 
the hierarchical structure there may be complementary and 
conflicting elements. It is also apparent that certain 
elements may be considered more important or should have 
greater weight than other elements within the structure. This 
sub-section, therefore, briefly examines some current 
appr.oaches that are used to determine goals and objectives 
and their relative weights. 
The determination of planning of goals, objectives and their 
relative weights is one of the primary phases in the 
evaluation process. How are they determined? Hill (1967) 
suggests that one of the following approaches. can and has 
been used: 
(i)- The decision-maker can be asked to give 
weights to the goals and objectives 
relative 
/ 
(ii) The elected members of affected community groups can 
form a committee to make a community valuation of 
objectives 
(iii) Individual persons of the affected groups can be 
(iv) 
(v) 
interviewed and their relative valuation of 
objectives can be determined 
Public hearings 
interest group 
can be arranged to determine public-
goal formulation and valuation 
The patterns of previous allocations of public 












investments can be analysed in order to determine 
the goals and objectives relative weighting, implicit 
in previously similar decision situations. 
The above range of approaches vary from the one extreme of 
using a single expert to the other extreme of using a 
committee. In metropolitan planning studies it is common 
practice for the goals and objectives {and their relative 
weights) to be determined by a steering committee. The 
committee approach is often favoured on the premise that many 
opinions are more equitable and superior than one. However, 
as is well known, the committee approach has certain 
disadvantages and to overcome these short comings the Delphi 
technique is often used, {Dajani and Gilbert, 1975). This 
method is designed to structure group communication and 
encourage consensus of opinion of the group of experts by a 
series of questionnaires interspersed with controlled opinion 
feed-back. 
Although the technique can vary in form, a typical approach 







The first phase, the study under discussion, is openly 
discussed, often in the form of brainstorming. Each 
individual contributes information which he feels is 
relevant to the issue under examination. In addition, to 
ensure group co-operation, the characteristics and 
different steps in the Delphi technique are explained. 
The second phase involves defining terms so that each 
member of the group understands clearly the issues under 
discussion. To avoid semantic misunderstanding the 
objectives must be clearly defined and the generality and 
specificity of each objective must be stated. 
The following phases are controlled by an external 
co-ordinator who asks each participant to respond 
anonymously and in private to a list of objectives that 
have resulted from the foregoing phases. The purpose of 
the private response is to overcome the major 
shortcomings of open committee, ie the influence of 
dominant personalities, organisational status, apparent 
expertise and the general suppression of disagreement 
that is associated with the committee approach. 
In the fourth phase, the individual responses are edited 
and recirculated ~o serve as a basis for response in the 
next round. Participants are offered the chance to change 
their previous response. Areas of significant 
disagreement are thus examined and endeavours are made 
to expose the reasons for the differences. 
Subsequent rounds are repeated until either the spread 
of responses approaches consensus or the responses 
remain unchanged showing that the participants are 
unwilling or unable to compromise further. Stability 



















in either the 
distribution of 
3 or 4 rounds. 
form of convergence 
opinions is usually 
4-7 
of opinion or 
achieved after 
Once a list of objectives has been agreed upon the next step 
would be to determine their relative importance or weight. In 
developing a set of weights, any of the methods below can be 
used (ie ranking, rating or partial pair comparisons) in 
conjunction with the Delphi technique. Again, after 
successive iterations consensus would usually be reached. 
With some objective weightings however, consensus is not 
possible and polarization may occur. If the divergence of 
opinion cannot be resolved through the restructuring of the 
objectives then it is necessary for the evaluation techniques 
to take account of the revealed divergence of opinion. 
Leake and Dix (1979) in their recent review of different 
methods for determining weights to objectives, found 3 
methods appropriate in terms of simplicity, reliabilty and 
efficiency. The three methods compared were: ranking, rating 




Ranking. each judge would arrange the N criteria 
(objectives) in' order, by assigning the rank of 1 to the 
most important criterion, 2 to the second in importance 
and concluding with N for the least important. 
The ranking method is often presented in the form of 
a game, (see Figure 4-1) on the ranking ladder where 
different objectives can be placed onto their most 
appropriate rung. The most important objective being 
placed in position 1 at the top of the ladder. 
Rating - each judge is presented with a continuous scale 
say 0 to 10 for each criterion. A value is assigned for 
each criterion, the rating need not be an integer and any 
number o.f criteria. can be assigned the same value. A high 
value would indicate importance. The rating method, like 
the ranking method is often presented in game form, see 
Figure 4-2. The· participants would be given, say 50 
counters- which must be allocated among all the 
objectives reflecting their relative importance, or 
preference. 
Partial pair comparisons the basis of this 
technique is a systematic pair-wise comparison of a set 
of criteria pairs. The participant is asked to indicate 
which of the two criteria in each pair is preferred. 
In partial pair comparisons each criterion is paired only 
once with every other criterion, hence N criteria result 
in N(N-1)/2 comparisons or pairs.This method is often 
presented in the form of a questionnaire. Figure 4-3 
gives a typical example of pair comparisons format. This 
technique produces highly reliable scales (Gordon et al 































Please mark the objectives below in order of 
importance. The most important ,ootecttve 
should be placed a'i the top of the ladder.(;ung I ) ' 
A. The public transport system should be easily 
accessible for people who do not ow~ private 
transport. 
B. Travellers journey ti~es should be as short as 
possible. 
C. The cost to build and maintain the transport 





E. To reduce energy requirements par person 
kilometre travelled within the communities. 
F. To.provide facilitie.s for modal interchange 
and co-ordinate services so as to minimise 
interchange times. 
G. Etc~ . 
FIGURE 4-1 RANKING LADDER 
Please rate the objectives below by allocating the number of points that reflect your 
importance or preference for each objective. Different objectives can be given the 
same number of points, but you must allocate all 50 points • 
Objectives 
The. pub I ic transport system should be easily accessible for people 
w~o do not own private transport. 
The cost to build and maintain the transport.should be as low as 
possible. 
The out-of-pocket costs (eg. nus fares, petrol costs etc.) for 
travellers should be as low as possible. 
To provide facilities for modal interchange and co-:ordinate 
services so as to minimise interchange times 
Travellers journey times should ne as short as pcssible 
N.B. Your total score must total 50 points 
I 
FIGURE 4 - 2 RATING TABLE 
Your score here 
E 50 
Please tick the box against the objective in each pair that you consider to be the most 
Important on your trip from home to work 
I. 
2. 
A. Travel journey times should be as short as possible. 
8. Out-of-pocket costs (eg. nus fares, petrol costs) 
for travellers should ne as low as possible. 
A. The public transport systgm should be easily 
accessible for people who do not· own private 
transport. 
B. The cost to nuild and maintain the transport 





FIGURE 4 - 3 PARTIAL PAIR COMPARISON QUE~TIO~NAlRE 
4-8 












1979) at the expense of having to make a large number 
of comparisons, eg 10 objectives would require 45 pair 
comparisons. 
Therefore, regardless of who determines the weighting of the 
objectives, any of the above three methods can be used to 
obtain statistically reliable results (Eckenrode, 1965). In 
Chapter 5 of the thesis it will be shown how the different 
evaluation methodologies incorporate the aspect of weighting 
goals, objectives and criteria into their evaluation 
framework. 
Providing one's criteria are of a common metric, the primary 
purpose of deriving a relative weighting is so that by simple 
arithmetric a unique answer can be determined in the 
comparison of alternative plans. In addition, it is well 
known that d'ifferent groups of people have . different value 
systems and by applying different sets of weights the effect 
on the choice of the preferred alternative can also be 
explored. The Delphi technique is a method that is often used 
to structure value judgements in goal formulation and their 
relative weighting. However, as· Hill comments, the 
determination of group ,objectives and their relative 
valuation is no simple task requiring the specific allocation 
of time and resources in a study programme. (Hill, 19~8). 
4.3.3. Concept Of Effectiveness. 
The value-goal-objectives structure with its system of 
weights provides the fundamental framework in which the 
alternative plans can be compared and evaluated. Thus each 
plan can be examined and appraised to determine how well it 
attains the specified objec ives. Kahn (1971) defines the 
extent to which an alternative satisfies the objectives as 
its effectiveness. The concept of plan effectiveness is a 
central aspect of the evaluation process. However, the 
measurement of plan effectiveness invariably involves both 
objective and subjective measurements. How these are handled 
will be discussed in the next section of the thesis. 
4.4. Principles Of Measurement. 
4.4.1. Incommensurability Of Plan Criteria. 
The preceding sections of this chapter have dealt with the 
aspect of the relative relationship of criteria in the 
value-goal-objectives hierarchy. However, to effectively 
evaluate a set of alternative plans the study goals and 
objectives must be translated into criteria. It will be 
remembered that plan criteria are specific measurements which 
are developed by the analyst to reflect the degree to which 
particular objectives are attained. Thus the ability of the 












analyst to measure plan performance is one of the key aspects 
in undertaking a comparative evaluation. 
Evaluation criteria that are commonly used in transportation 
planning to measure plan performance can be categorised into 
three fundamental gr~ups: 
* 
* 
Costable - criteria whose nature allows a definite 




Quantifiable - criteria for which a definite cost figure 
cannot be ascertained but for which some type of cardinal 
measure can be determined,eg number of displaced homes, 
and amount of land accessible for different uses. 
* Qualitative criteria that can neither be costed nor 
cardinally measured but can be described in verbal terms 
and sometimes ordinally measured, eg social, recreational 
and aesthetic considerations. 
The evaluator wherever possible would prefer all the criteria 
to be one measurement category, for then all the criteria can 
be aggregated into one total plan performance index for each 
scheme being compared. An optimal decision rule can then be 
applied and thus, if all the criteria are costable then the 
scheme with the greatest net benefit, is the preferred plan. 
However, in the evaluation of alternative transportation 
plans it is generally not possible for all the relevant 
_measurements to be confined to the costable group of 
criteria. The evaluation criteria usu~lly contain all three 
categories, ie costable, quantifiable and_qualitative. 
One of the principal problems in the measurement of plan 
evaluation is the incommensurability of measurement units and 
scales. Since there is no scale of absolute value, (the 
monetary value scale is probably the best that h~s been 
developed to date), there have been various attempts to 
overcome the problem of incommensurable evaluation criteria 
by adopting different transformation scoring functions. 
4.4.2. Measurement Scales. 
The measurement of plan criteria involves assigning a 
numerical unit or scale to represent the performance or 
characteristics of a certain parameter. There are, however, 
various kinds of rules that control the use of numerical 
scales. The most important rule for any numerical scale is 
that an isomorphic relationship must be established, ie there 
must be a direct relationship between the characteristics of 














the numerical scale and the characteristics of the parameter 
being measured. Therefore, the accuracy of measurement of any 
parameter is conditioned by the ability of the number system 
to model or represent the observations in the real world. 
Hodge (1963) in his review of measurement scales states 'that 
there are principally four properties for which numbers are 





Identity numbers may serve as labels or names to 
to identify items or class such as in land use 
classification. 
Order : numbers are placed in a consistent and 
sequential order to reflect the order of items or the 
position of a specific quality in a series. 
Interval numbers are ordered on a relative 
continuous scale and reflect the relative differences 
or distances between items such as one uses in 
indicating calendar time. 
Ratio : the numbers represent an absolute scale that 
has a unique origin that is real and determinate. 
Based on the above four properties of numbers it is possible 
to classify into' four classes the different measurement 
scales commonly used in plan evaluation. The scales are 
listed in order of increasing information content. 
* Nominal scale 
* Ordinal scale 
* Interval scale 
* Ratio scale 
(i) Nominal Scale. 
The nominal scale is the simplest for~ of measurement and 
consists of using numbers merely to identify objects or 
charcteristics. This scale forms the basis of all methods of 
categorisation and is often used in various environmental and 
land-use classification techniques (Hill,Kaplan and Scott, 
1974 and McHarg, 1969). The land-use data bank operated by 
the Cape Town City Council is actually a nominal scale which 
attaches numbers to various characteristics of land-use 
(Morris, 1974). 
However, as Hodge states, each class of scale has certain 
properties which must comply with certain mathematical 
axioms. For nominal scales these axioms are: - Firstly 
"reflexibilty", ie any pair of objects must clearly belong to 
the same category. Secondly, the relations of equality must 
be "symmetric", ie if a = b then b = a. Thirdly, the 
relations of equality must be "transitive", ie if a = b and b 
= c then a = c. Thus, the above three rules form the 
mathematical basis of a nominal scale. 



















Therefore, when using the nominal scale the' analyst must 
remember that these numbers have no inherent meaning, and 
thus, they cannot be aggregated. The only meaningful 
numerical property they have is identity and the only 
legitimate arithmetic operation is counting. 
(ii) Ordinal Scale • 
The ordinal scale permits, the analyst to order or rank 
different objects or characteristics, ie one is able to say 
scheme A. is better than scheme B, and scheme B is better than 
scheme C, etc. Therefore the only numerical property measured 
is that of order, the relative difference between A and B is 
not measured. 
Ordinal scales must comply with the three axioms of nominal 
scales and in addition a further rule of "transitivity", ie 
if a<b and b<c then a<c. Thus like nominal scales, ordinal 
scales are not ameniable to arithmetic manipulation, since 
the only numerical property that is measured is the quality 
of order or rank. It will be shown in the following section 
that if the limitation of the ordinal scale is not realised 
grave errors can be made in the evaluation and selection 
phase .. 
(iii) Interval Scale. 
The interval scale has a higher information content than the 
previous scales, in that it is possible to determine not only 
the order but also how la~ge the relative difference is 
between the objects or characteristics being measured. The 
interval scale values are open to most arithmetic operations 
and can be statistically tested. The temperature scales, 
Fahrenheit and Centigrade and the measurement of noise in 
decibels are examples of interval scales. 
(iv) Ratio Scale. 
The ratio scale is similar to the interval scale except the 
numbers represent a scale with an absolute zero, rather than 
a relative or arbitrary zero-as occurs in interval scales. 
The ratio scale values are open to most mathematical 
operations and can be statistically tested. The physical 
scales are the most common examples of ratio scales, eg 
length, mass, time and money. 
The purpose of measurement in plan evaluation is to maximise 
the information content presented to a decision-maker in the 
choice situation. The foregoing has shown that the interval 
and ratio scales are the higher order scales with respect to 
accuracy of measurement and mathematical manipulation and 
should therefore be used whenever practicable. 












Thus in the evaluation of alternative - transportation plans 
the analyst endeavours to measure all plan criteria in 
appropriate physical units, eg length, ·time, decibels, money, 
etc. However, the incommensurabiity of these physical units 
present the analyst with problems · of comparability. For 
instance how important is the difference in the traffic noise 
level in relation to construction cost or the gifference in 
the number of houses displaced relative to the area of 
parkland taken. 
To overcome the problem of comparing items measured in 
different units, several techniques have been developed which 
attempt to transform the different physical units into units 
of relative value. However, in establishing a common metric 
the limitation of the measurement scales has not always been 
recognised by the analyst. In certain techniques the basic 
mathematical axioms of the scale have been infringed which 
then invalidates the ensuing evaluation. Kazanowski (1968) 
has found that common errors introduced in the search for 
units of relative value follow a sequential pattern which he 
has· termed the "ranking - weighting - utility fallacy". On 
account of their common use and their importance in plan 
evaluation a brief description of these transformation 
scaling procedures is relevant. 
4.4.3. Transformation Scaling Procedures. 
When alternative plans are being evaluated on the basis of 
either quantifiable criteria that do not have a common metric 
or by both quantifiable or unquantifiable criteria, a tabular 
display approach is usually used. The criteria selected for 
the evaluation are identified at the tops of the columns and 
normally are arranged in decreasing importance of criteria, 
from left to right (see Table 4-1). The alternative plans 
are then listed vertically, with the alternative that meets 
the first (the most significant) criterion the best listed 
first, and so on. This is sometimes known as the "north-west 
corner" rule. 
To demonstrate the different transformation scaling 
procedures, consider the typical tabular array of alternative 
schemes versus measurement criteria, Table 4-1. It will be 
noticed that criteria 1 to 4 are ratio S_9a],es whilst 
criterion 5 is a nominal scale. 













TABLE 4-1 TYPICAL SCHEMES VERSUS MEASUREMENT CRITERIA. 
.. .- .. ,_,,., .. ,,· .. • 
CRITERIA 
1 2 3 4 5 
OPEN SPACE HOUSEHOLDS 
CAPITAL COST HOUSEHOLDS AND PARK AFFECTED AESTHETIC 
SCHEME ( Rands - DIS PLACED LAND TAKE BY NOISE IMPACT 
Mi 11 ions) (No) (ha) > 75d.B(A) 
A 10. 0 120 12,2 50 Poor 
B 11 .l 80 15,o 60 Poor 
c 14, 2 110 1 0' 1 55 Good . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
The first probiem in evaluating the alternative scheme 
performances is that there is no common metric and hence it 
is often decided to reduce the complexity by ranking the 
schemes. The purpose of introducing the "lower" ordinal scale 
of measurement is to overcome the problem of 
incommensurability of the performance criteria. 
It is a simple matter to objectively rank in order of 
preference criterion 1 to 4. However, criterion 5 (which is 
qualitative in nature and therefore only nominally measured) 
must for compatability of scales be transformed to the higher 
ordinal scales. Thus, for example, the analyst (or group of 
experts) must subjectively distinguish between Plan A and 
Plan B, which have both been nominally categorised as having 
a poor aesthetic impact. In general, non quantifiable factors 
are ranked by applying judgement on the basis of a pairwise 
comparison of the alternatives. 
This transformation allows integers of order to be entered in 
Table 4-1 to give the ordinal ranking of each 
alternative-performance set, (Table 4-2). 












TABLE 4-2 ORDINAL RANKING ARRAY. 
~ 1 2 3 .4 5 E 
A 1 3 2 1 3 
B 2 1 3 3 2 . 
c 3 2 1 2 1 . . . . . . . . . . . . . . . . . . . . . . . . 
~ . . . . . . . . . . . 
The tabular ordinal array (Table 4-2) presents the original 
information (Table 4-1) in a mathematically convenient and 
compact way. However, as Luce and Raiffa (1957) so aptly 
comment, this convenient and compact display is a source of 
potential trouble, since the analyst must exercise an almost 
inhuman self-control not to read into these numbers those 
properties which numbers usually enjoy. Section 4.4.2 showed 
that the only numerical property that is measured in this 
array is the quality of order or rank and it is therefore 
meaningless to add or multiply the individual indices. 
The above limitations of the ordinal scale° give rise to 
certain evaluation drawbacks. Firstly, since no arithmetic 
addition or multiplication is permissable, numerical weights 
cannot be used in ranking methods. Secondly, the ranking 
scores cannot be unified into a single numerical value of 
plan performance. The only legitimate procedure of 
evaluation, therefore, is to compare each alternative on a 
pairwise comparison basis. 
From Table 4-2 it can be seen that if all the criteria are of 
equal weight, then by pairwise comparison: 
Plan A is better than plan B 
Plan C is better than plan A 
therefore select plan c 
The resulting preferred order of plans would be Plan C, Plan 
A and Plan B. 
The major disadvantages of the ranking array is that it fails 
to distinguish the incremental differences between 
alternatives and it cannot accommodate a numerical weighting 
system. (Carter et al, 1973). Therefore, not surprisingly 
recent research efforts have focused on rating and utility 












methods to transform plan performance into commensurate 
units. 
The simplest rating scale is the cardinal ranking .(or rating) 
scale. Here, each scheme is comparatively assessed and 
scored on a continuous interval scale (usually 0 to 10) for 
each criterion. This scale can also accommodate a numerical 
weighting system. Table 4-3 illustrates the new array, where 
the preferred order of plans would be Plan A,_Plan B, Plan C, 
etc. (Note, high scores are better than low scores). 
TABLE 4-3 : CARDINAL RANKING OR RATING ARRAY. 
CRITERION 1 2 3 4 5 PLAN 
SCHEME 
RATING WEIGHT 6 3 4 2 5 - . .. 
A B 2 6 6 3 105 
B 6 7 3 4 4 97 
c 1 3 7 5 7 BB 
. . . . 
'. . . . . . . 
However, the cardinal rating method too has certain 
drawbacks. The subjectiveness of the scoring is inexact and 
there is uncertainty whethe·r a cri·terion should be scored· 8 : 
6 : 1 or 8 : 6 : 2 or 8,6 : 5,6 : 2,3. The subjectiveness of 
the scoring thus introduces too much spread into the plan 
rating scores. 
To control the spread in the plan score, the next step is to 
use a type of transformation function to rationalise the 
individual scores. A commonly used function is the 
normalised transformation function. In this procedure the 
score of plan performance is relative to the best 
alternative; ie the best alternative is assigned the relative 
value 1,0 and all other alternatives are in direct proportion 
less than one. The transformation function used to produce 
normalised values is shown in Figure 4-4. The resultant 
evaluation array is shown in Table 4-4 where the preferred 
order of plans would be Plan C, Plan B, Plan A. 





























TABLE 4-4 : NORMALISED ARRAY. 






1 2 3 4 
6 3 4 2 
1, 0 0,67 .0,83 1,00 
0,90 1, 00 . 0,67 0;83 
0, 70 0,73 1,00 0, 91 




80 90 100 110 120 






1, 0 17 ,21 
. . .. . . . . . 
It will be noted that the normalised function is non-linear 
and is asymptotic to the base with a bias towards 1.0. Thus 
the spread in the values is controlled relative to the best 
alternative for each specific criterion. 
A major drawback of the normalised array is that assumptions 
have to be made about non-quantifiable criteria in order for 
them to be normalised. 
In order to score non-quantifiable criteria, the analyst 
would have to use a "relative" quality judgement scale such 
as shown in Figure 4-6. However, it will be seen that this 
is a different type of transformation function and there is 
now not a uniform transformation scale used for all criteria. 

















Hence, a normalised array 
manner the plan criteria 




handle in a consistent 
are both quantitative and 
An alternative to the normalised value transformation 
function is the relative rating transformation function as 
suggested by Jessiman and others {1967). This function has a 
linear form, with the best alternative again receiving the 
value 1,0 but the worst alternative receiving no value. Each 
other alternative receives a value which is linearly 
proportional its position relative to the best and worst 
alternative. Figure 4-5 shows the transformation function and 
Table 4-5 shows the relative rating array. In this array the 
preferred order of plans would be Plan C, Plan A, Plan B. 
TABLE 4-5 : RELATIVE RATING ARRAY. 













WEIGHT 6 3 
1, 0 0 
0, 74 l,O 
0 0,25 
. . . . . . . . 
FIGURE 4-5 
RELATIVE RATING FUNCTION 
FOR QUANTITATIVE CRITERION 
BO 90 100 110 120 
No.of Housenolds Displaced 
00 





4 2 5 RATING 
0,57 1. 0 0,0 
0 0 0,25 
1. 0 0,5 1. a 
. • . . . . . . . . . . 
FIGURE 4-6 
RELATIVE RATING FUNCTION 
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For non-quantifiable criterion, eg criterion 5, aesthetic 
impact the analyst could legitimately use a quality judgement 
scale such as that shown in Figure 4-6. The relative rating 
transformation function can thus accommodate both 
quantitative and qualitative criterion. 
One obvious drawback is that the best alternative receives a 
maximum value of 1,0 even though it may be far from perfect 
and conversely the worst alternative receives a value of 
zero, even though it may be almost as good as the best 
alternative, eg criterion 4. 
Lin and Hoel (1977) have shown that another drawback of this 
transformation scale is that when a new alternative is added 
to the original set of alternative plans a change in the 
preference order of the plans from the original evaluation 
can occur, even if the new alternative is an inferior 
alternative. This shortcoming, is a result of the relative 
scale that is used. 
In order to overcome the above problems, utility functions 
are often proposed to evaluate alternative schemes within 
each criterion. The concept of utility is a measure of the 
worth or satisfaction that an individual or group attach to 
some object or consequence. The utility function is based on 
ratio scales and therefore, does not have a relative or 
arbitrary datum, since the upper and lower bounds of the 
scale are predetermined. The utility transformation function 
has the advantage of not being affected by the addition (or 
deletion) of another alternative. However, like everything in 
evaluation, there is a trade-off and the above advantage must 
be weighed against the fact that it is far more difficult to 
define the different utility functions than the simple-to-use 
relative rating scale. 
The analyst must first establish the maximum and minimum 
desirable or acceptable limits between which each criterion 
value can range. The second step, once the upper and lower 
bounds of the function have been determined, is to decide on 
the shape of the function that best describes the utility of 
the specific plan consequence. Baxa (1978) reports that 
presently, both steps are established by subjective 
judgement, at best based on intuition - past experiepce and 
at worst on a relative rating function. 
Figures 4-7 and 4-8 
transformation functions, 
array, Table 4-6. 'In this 
plans would be Plan C, Plan 
demonstrate typical utility 
which in turn produce the utility 
array the preference order of 
A, Plan B. 












TABLE 4-6 : UTILITY VALUE ARRAY. 
-
CRITERION 1 2 
SCHEME 
WEIGHT 6 3 
A 0, 81 0,78 
B P;12 0,90 
c 0,49 0, 81 . . . . . . . . . . . . 
FIGURE 4-7:NON-LINEAR UTILITY 
FUNCTION FOR NUMBER OF 
HOUSEHOLDS DISPLACED 
1, 0 I 
I 
0,8: 
3 4 5 PLAN 
4 2 5 RATING 
0,27 0,80 0,0 9,88 
0, 18 0, 60 0,08 9,34 
0,35 0, 70 1. 0 13 I 17 
. . . . . . . . . . . . . . . . 
' 
FIGURE 4-8:NON-LINEAR UTILITY 
FUNCTION FOR OPEN SPACE 
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Although, as Figures 4-7 and 4-8 have shown, defining the 
utility function can be problemmatic, it does force the 
analyst to think of the complete range of values 0£ an 
objective within which all the plan alternatives must fall. 
It is suggested that this thought process can aid certain 
aspects of creative thinking (see Section 2.6.1) which in 
turn can aid the generation of further (better) alternatives. 
However, it can be seen that the utility function too has its 
limitations. There is still a high degree of subjectivity 
associated with this approach since in most cases the 
absolute upper and lower bounds of the utility scale are not 
referenced to a true ratio scale. Even when agreement is 












reached between the analysts with respect to the 
determination of zero and unity on the utility scale, such 
agreement provides no assurance of any third party's 
agreement (eg decision maker). 
This section has shown that unless the basic rules of numbers 
and measurement scales are recognised, the ensuing evaluation 
may not be valid. Similarly, the transformation value 
functions used in all the relative value utility based 
evaluation techniques have related measurement scale 
limitations, which if not understood can provide fallacious 
information for decision making. It is clear that whatever 
transformation scale is used, it is not possible to measure 
everything and subjective judgement is still needed in the 
evaluation process. The manner in which value judgements are 
structured into the various evaluation methodologies will be 
examined in Chapter 5. 
4.5. The Null Alternative. 
The plan evaluation process centres around comparing the 
ability of a set of mutually exclusive alternatives to 
achieve a set of common objectives. One alternative that 
should be considered in any set of alternatives is the 
do-nothing or null alternative. The null alternative 
generally represents the consequences of the continued 
operation of the highway or transit facility without 
improvement. Thus the null alternative is not to be confused 
with a no-change situatton. 
The inclusion of the null alternative in the evaluation is 
important for two reasons. Firstly, it provides a base 
condition against which the other alternatives can be 
compared. The provision of a common comparative base is also 
a practical way of overcoming some of the limitations of the 
rating-utility transformation functions mentioned in the 
previous section. Secondly, it demonstrates to the decision 
maker the consequences of not implementing any of the new 
proposals - ie of doing nothing. 
4.6. Criteria Selection To Indicate Plan Performance. 
Section 3.5 demonstrated how general statements of goqls and 
objectives can be interpreted into qualitat~ve ~nd 
quantitative criteria to measure plan performance. 
Thus once the analyst has established by consultation the 
hierarchical goal structure, a set of criteria can be drawn 
up to measure plan performance. It would be useful if a set 
of rules or procedural steps could be applied to structure 
the use of criteria in the evaluation process. Beimborn 
(1976) suggests the following procedures: 












(i) Certain criteria have minumum threshold values that 
must .be met, eg engineering standards and only 
alternative plarts that comply with these standard 
criteria should be designed and thus evaluated. 
(ii) The analyst should endeavour for reasons of simplicity 
to eliminate criteria whenever possible. The analyst 
is primarily interested in evaluating the differences 
between alternatives, for if all the alternative plans 
are equal or about equally successful at meeting 
certain criteria, those criteria will not affect the 
decision and can therefore be eliminated. 
(iii) If a plan falls below any other 
criteria used then that plan can be 
the evaluation. Beimborn terms 
elimination of plans by the principle 
plan in all the 
eliminated from 
this as the 
of dominance. 
(iv) If a pair or set of criteria are similar in the 
consequence that they measure, they should be combined 
into a single criterion. Often in practice, under the 
guise of comprehensiveness, many criteria fall into 
this category and if not combined, lead to a measure 
of "double counting" or bias in the evaluation. 
(v) C.riteria can be measured in absolute totals, averages, 
or as a net change over a basic scale. When an 
interval scale is used as a criterion of measurement, 
the analyst must always check that it is significant 
when compared to total or average scales of 
measurement. For example; is a relative time saving 
of two minutes in a total journey time of 120 minutes 
a significant criterion of measurement? Only the 
experience and judgement of the -analyst(s) can 
determine whether it is significant. In the comparison 
of plans against a certain criterion, it may also not 
always be appropriate to interpret the comparison on a 
linear basis. For example; is the criterion of a 10 
minute travel time saved twice as good as a 5 minute 
travel time saved? 
(vi) Following .from point (iv), the analyst must guard 
against developing a surfeit of criteria. The adoption 
of many criteria on the grounds of comprehensiveness 
must be weighed against the increasing complexity of 
the ensuing comparative evaluation. Kazanowski (1968) 
suggests that most selections are ba$~d on relatively 
few criteria (eg cost and some per,formance attribute, 
eg capacity). He puts forward the following 
relationship (Figure 4-9) between the number of 
criteria and their importance to a decision. It should 
be noted that criteria referred to are disaggregate in 
nature. 
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FIGURE 4-9 : GENERAL RELATIONSHIP BETWEEN IMPORTANCE TO A 
DECISION AND NUMBER OF CRITERIA CONSIDERED. 
{Source: Kazanowski, 1968 p. 134) 
As the number of factors to be considered increases, the 
quality of an individual decision would be expected to 
increase more slowly. Thomas and Schafer {1970) have 
hypothesized the relationship between the quality of a 
decision and the number of criteria {Figure 4-10). They 
suggest that as more and more {disaggregate) criteria are 
developed there is a point of diminishing returns, beyond 
which the decision making process can become overloaded with 
data. Emery (1974) has shown that a similar relationship 
exists between quality of evaluation as a function of the 
quality of information used in the evaluation. {See Figure 
1-2). Gilbert and Jessop {1978) and Grigg {1978), from their 
respective research, suggest that no more than about seven 
groups {criterion) of information can be reasonably 
distinguished and compared by humans. This limitation must 
be recognised when alternative plans are being evaluated 
against a set of incommensurable or disaggregate criteria. 
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FIGURE 4-10 : GENERAL RELATIONSHIP BETWEEN QUALITY OF 
DECISION AND NUMBER OF CRITERIA CONSIDERED. 
(Source : Thomas and Schofer, 1970, p. 64) 
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5. ALTERNATIVE METHODS FOR PLAN APPRAISAL. 
5.1. Review Criteria. 
The preceding chapters have explored the main characteristics 
of evaluation and the linkages between evaluation and the 
other planning activities. This chapter appraises the 
different methodologies that are currently used for 
evaluating highway/transportation plans. 
The purpose of this part of the thesis is two-fold: 
* 
* 
To determine the principle capabilities and limitations 
of the different methodologies used in the evaluation 
phase of the planning process. 
It is hoped that by understanding each method's 
resperctive strengths and weaknesses the appropriate 
technique will be selected for the different aspects of 
evaluation that present themselves in the transportation 
planning scene. 
In order to appraise the different evaluation methodologies, 
the first step must be to establish a comparative base, ie a 
set of desirable attributes or review criteria. Chapter 4 
identified certain key attributes upon which the whole 
"internal" rationale of the evaluation process is based. 
* 
* 
Planning and time horizons 
(i) Flexibility - can the methodology handle evaluation 
at different levels of planning or is it designed to 
evaluate at one specific level of planning? 
Value framework represented 
(i) Comprehensiveness can the full range of values 
be accommodated, eg efficiency, equity and 
environmental amenity? 
(ii) Weighting of criteria 
system be used and .how 
can a speci~ic weighting 
are the weights applied? 
* Treatment of incommensurable criteria 
(i) Transformation measurement scales 
conversion of the different factors 
scale, are ·the principle axioms of 
obeyed? 
with the 
to 9- common 
measurement 
(ii) Non-quantitative criteria - how are the qualitative 
criteria evaluated and how is their subjective 
judgement structured into the methodology? 
In addition to the above 
suggests that certain 
pertinent, namely: 
key aspects, Jain et al. (1977) 
"external" review criteria are also 












* Resource requirements 
* 
* 
(i) Data requirements does the methodology require 
data that is easy or difficult to obtain ? 
(ii) Manpower requirements-are special skills required? 
(iii) Costs 
others ? 
are some methods more costly to use than 
Replicability 
(i) Ambiguity - what is the relative ambiguity in the 
methodology? How are value judgements incorporated 
into the methodology? 
(ii) Analyst bias to what degree will different 
analysts using the same methodology tend to produce 
widely differing results ? 
Information transfer 
(i) Presentation is the 
presented primarily as a 
information document ? 
format of the methodology 
decision document or an 
(ii) Format is the information matrix or package 
presented to the decision maker in a comprehensive 
and clear manner ? 
The appraisal of the different methodologies will take the 
format of a general descriptive survey of ·the method's 
characteristics and the evaluation principles upon which it 
is based. The above review criteria will then be used to 
assess the scope and character of each method and identify 
its relative strengths and weaknesses. 
5.2. Classification Of Methodologies. 
The evaluation methods that are currently used for evaluating 
transportation plans can be categorised into the following 
groups: 
* Cost benefit group of techniques 
·* Cost-effectiveness technique 
* Ranking and rating matrices 
* Utility matrices 
* Goal-achievement matrix 
* Supplementary evaluation techniques 
An overview of the attributes of each approach will now be 
undertaken. 












5.3. Cost Benefit Appraisal. 
The transportation sector as a whole contributes some 12% of 
the gross national product of the Republic (Schoeman, 1980). 
Furthermore, the nature of transportation facilities are 
typically big, costly and their provision is not undertaken 
lightly or completed quickly. It is therefore not surprising 
that appropriately sophisticated methods of economic 
evaluation have been developed. 
Section 4.3.1 demonstrated that there is a direct linkage 
between an evaluation methodology and the value system 
adopted. The cost-benefit analysis techniques are 
characterised by their ability to evaluate alternative plans 
against the value of economic efficiency. On account of the 
nature of transport infrastructure, economic efficiency has 
traditionally been the principal criterion used to evaluate 
and select alternative plans. 
Cost-benefit analysis was developed into a practical 
methodology in the United States in the 1950's as an 
outgrowth from the disciplines of engineering economy and 
water resource management (Barrell and Hills, 1972). It was 
soon adopted for evaluating other public sector investments, 
particularly highways and is often ref erred to as the 
traditional method of highway evaluation. 
5.3.1; Characteristics Of The Method. 
(a) Cost and Benefits 
Morley English (1968) describes cost as one element of 
value foregone in ord r to obtain a greater benefit or worth. 
This statement immediately poses the question; to whom should 
alternatives be worthwhile when assessed by a public body? In 
general, the consideration of costs and benefits are viewed 
from the public (national) standpoint. Although it is not 
unusual in practice for the standpoint to be narrowed 
down to the promoting agency's viewpoint with the 
criterion of systems (facility) efficiency dominating the 
evaluat~on. However, regardless of which viewpoint is 
taken, the cost-benefit technique values the worth of the 
different factors relevant to the evaluation on the 
"willingness to pay" concept. Stopher and Meyburg (1976) 
state that factors that should be considered in the 
evaluation are those that the public are willing to pay or 
trade-off against other items of value where conflicts arise. 
Thus costs and benefits should only be included in the 
analysis if there is evidence that society is prepared to 
forego certain resources (costs) to achieve stated 
objectives (benefits). Conversely, a lack of willingness to 
pay for a certain objective indicates a lack of real value 
or worth for that objective and it is therefore not 
considered relevant to the cost-benefit analysis. 
To aid analysis, Thomson (1974) places costs and benefits in 












the following categories. 
* Direct effects - are those which accrue to the users of 
facility or other people in direct physical contact 
with it. For example on the benefit side, cost-savings 
to the users of the new or improved facility. On the 
cost side, would be the adverse effects upon nearby 
property owners, residents, traders, etc. 
* Transmitted effects - are costs and benefits which are 
second order effects, originating as a consequence of 
the direct effects. These effects are often related to 
the two-way linkage between transportation development 
patterns and urban development. For example, the effect 
of new highway construction on land market values. The· 
effect can be beneficial in that the new highway may 
encourage the development of new industrial sites; or 
adverse environmental effects such as noise, vibrations, 
poor aesthetics, etc, can badly effect residential 
properties that are adjacent to a busy road corridor. 
* Transferred effects - are those that have been transf-
erred from one location to another because of a certain 
transportation plan being implemented. For example, the 
immediate gain in trading that usually results from the 
creation of a pedestrian mall would normally be 
balanced by a concomitant loss in trade elsewhere. 
Thus, in cost-benefit analysis, costs and benefits are used 
as performance indicators to demonstrate the consequences of 
alternative plans. The traditional approach in highway 
planning is for the engineer to endeavour to maximise 
system worth by means of his design. System worth, usually 
reflects unitary values and is considered to be the 
algebraic difference between the project's benefits and 
costs. Simply, if the benefits are assessed to be greater. 
than the costs then the project is considered worth-while. 
The preferred alternative in cost-benefit analysis ·is the 
plan with the greatest net benefit. 
The traditional cost-benefit approach for highway 
evaluation confines its boundaries of analysis to the 
category of direct effects. (Some reasons for this 
"closed system" approach are put forward in Section 
5.3.4). Transmitted and transferred effects are traditionally 
treated as externalities, ie the benefits are enjoyed free 
of charge whilst the cost will be suffered without 
compensation. 
(b) Time Value of Money. 
The cost-benefit group of techniques are characterised by 
their ability to evaluate the flow of costs and benefits 
that accrue to a project during its life time for major 
facilities, 20 years or more by collapsing all the 
eva~uation criteria into a common monetary ~atrix. This 
ability to collapse the complex time frames associated 
with project costs and benefits is achieved by the well 
known process of discounting. The use of an appropriate 













permits the costs and benefits to 




Several cost-benefit techniques have been developed which 
recognise the ability of money to earn income over time. 
The more common methods of economic analysis used in 




Benefit-cost ratio method 
Rate-of-return method 
Net present value method. 
Each of the above methods in different ways aggregates and 
compares the stream of discounted benefits with the stream of 
discounted costs. 
However, it is not the purpose of this thesis to 
compare the advantages and disadvantages of the above 
methods, since this has been done by many eminent 
authors. Both Wohl and Martin (1967) and Stopher and 
Meyburg (1976a) from their comparative studies of the above 
techniques, consider the net present value method to be 
the best method of economic analysis. 
Therefore, the net present value (N.P.V.) method of 
appraising costs and benefits will be compared with the. 
review criteria (Section 5.1) and consequently with the 
other evaluation methodologies. Thus the next section 
will describe the N.P.V. method in a little more detail. 
(c) Net Present Value Method. 
Winfrey (1969) describes the net present value (N.P.V.) · 
method as a method which gives the algebraic difference in 
the present worths of both outward cash flows (eg 
construction costs) and inward flows of income (eg 
road-user benefits). Therefore, when choosing among 
mutually exclusive alternatives, the alternative with the 
greatest net present value is the one with the greatest 
economy. Further, any alternative with a net present value 
less than zero is not economically justifiable. 
The net present value of any alternative, X, 
rate, i, for a period of analysis, n, is: 
at discount 
NPV = L discounted benefits Ldiscounted costs 
x n i n i 
In the United States of America, Britain and Franc~, wh.ere 
systematic methods of economic appraisal have been developed 
and implemented for many years, the N.P.V. method is the 
preferred method of economic analysis (Leitch, 1978). It's 
widespread use has evolved on account of certain advantageous 
characteristics it has compared with the benefit-cost ratio 
method and the rate of return method. Wohl and Martin (1967a) 
suggest N.P.V.'s principal advantages are: 
(i) The net present value 
give correct results 
(N.P.V.) method will always 
whilst in some situations the 
















(ii) Following from (i) above, if the alternatives 
considered have different service lives or terminal 
dates, the N.P.V. method gives correct answers, 
whereas the rate of return method may not. In order to 
handle this problem the rate of return method 
requires that all alternatives be considered for 
the same analysis time period and reinvestment of 
earnings generated in the analysis period must be 
specifically accounted for. Therefore, computationally 
the N.P.V. method is much simpler and does not present 
problems with reinvestment decisions. 
(iii) Another computational advantage of the N.P.v. 
method as compared with the other methods, is that 
the net present value of increments of investment 
between successively higher investments can be 
determined simply by inspecting the difference of 
the N.P.V. Of the investments themselves. Using the 
rate of return method one cannot be sure that the 
rate of return to be obtained from an incremental 
analysis of investment will be equal to or greater 
than the cost of capital, without actually 
carrying out additional calculations. Again greater 
computational difficulties will be encountered in 
using the rate of return method as compared to the 
net present worth method. 
(iv) All costs and benefits are stated 
and thus are 11 uninflated 11 by 





(v) The N.P.V. method produces answers that are readily 
understandable as comparative measures. Conversely 
the benefit-cost ratio method produces ratios of 
say 1,05 or 1,08 for two different alternatives. 
Information in this form makes it difficult to 
assess the relative viability or difference between 
the projects. 
In summary, it can be stated that the net present value 
method is computationally the simplest and most reliable o"f 
the above methods. It produces information that can be 
easily understood by the decision maker and is least likely 
to cause problems arising from implied assumptions. 
(d) Tradional Cost-Benefit Method of Evaluation. 
In the opening paragraphs of this section it was 
mention~d that cost-benefit analysis (COBA) is often 
referre1 to as the traditional method of highway 
analysis. Although the exact categorisation and 
structure of costs and benefits may vary from project to 
project, Figure 5-1 below, shows a typical example of the 
cost-benefit model that is used for the economic 
appraisal of highways. 
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Construction cost 1. Travel time costs saved 
Land acquisition cost 2. Vehicle operating costs 
Highway operation, saved 
administration and 3. Accident costs saved. 
maintenance costs. 
FIGURE 5-1 EVALUATION CRITERIA FOR THE ECONOMIC 
APPRAISAL OF HIGHWAYS. 
(Source : American Association of State 
Highway Officials : (1973, pp. 232-237) 
It is well known that the flow of costs and benefits as 
categorised in Figure 5-1 vary with time over the design life 
of the facility (see Figure 5-2 overleaf). Section 5.3.1 (b) 
highlighted the fact that COBA has the ability to take into 
account the time value of money. However, it will be seen in 
Figure 5-2 that the majority of costs occur (naturally) at 
the beginning of the design life, whilst the benefits grow at 
an assumed rate as the traffic increases with time, reaching 
their maxima at the end of the design horizon. 








Start of construction 
of highway 
Time 
I --- I 
I 
-----;- Discounted Benefits(N.P.V) 
Discounted Costs (N.P.V) 
Net Present Value 
(Difference) 
End of design 
life 
FIGURE 5-2 HYPOTHESIZED RELATIONSHIP BETWEEN 
COSTS AND BENEFITS OVER TIME. 




of the uncertainty and risk that is always 
forecasts, the cost-benefit technique has 
formalised approach for the determination of 












highway benefits. The monetarisation of highway benefits and 
their influence on the COBA evaluation methodology has been 
widely criticised and it is therefore important to discuss in 
more detail the component items of highway costs and benefits 
as set out in Figure 5-1. In an endeavour not to interrupt 
the comparative appraisal of the different evaluation 






based on the categorisation of costs and benefits 
Figure 5-1 and using the net present value method, a 
COBA summary to be presented to the decision-maker 
as shown in Table 5-1. 
. 
A I t.1 A I t.2 A I t.3 A I t.n 
Construction Cost (N. ~. Y .. in Rm.) 6,214 4,962 4, 104 --
land Cost ( .. ) 1 '219. 0,890 1, 076 ---
Maintenance Cost ( .. ) 0, 028 0,031 0, 043 ---
Tota I Capital Cost ( .. ) 7. 461 ' 5, 883 5,n3 ---
Total Road-User Benefits ( .. ) 7. 193 5,945 6,834 ---
Net Present Value ( .. ) - 0, 268 + 0, 062 + 1, 611 ---
TABLE 5-1 
TYPICAL CATEGORIZATION OF COSTS & BENEFITS. ,, 
By comparing the total capital cost against the cost-savings 
to the road-users (ie the benefits) for each alternative 
plan, it can be seen that alternative 3 in this example has 
the greatest net present value and is therefore the one with 
greatest economy. 
5.3.2. Capabilities And Limitations. 
Dealing first with the method's good characteristics: 
(i) One of the main objectives for highway agencies is to 
determine the financial implications of 
alternative investments. Since COBA techniques 
were specifically developed to evaluate the 
economic and financial consequences, co~t-benefit 
analysis' has an advantage over other evaluation 
methods as this is it's principal strength. 
In addition, the use of money as a common measuring 
rod has certain advantages. Firstly, money is 
currently the most well developed high order 












transformation measurement scale that exists and 
many different types of impacts and effects are 
amenable to either direct or indirect market 
evaluation. Secondly, the monetary compensation 
principle is now well established in the 
transportation planning process where people who are 
adversely affected are compensated financially, 
although, as was noted in Section 5.3.1 (A), 
monetary compensation for adverse effects are 
usually confined to those directly effected. 
Adverse transmitted or transferred effects are not 
normally taken into account in the traditional 
cost-benefit appraisal. 
(ii) In the author's experience it is the most widely used 
of all the evaluation methodologies and therefore, 
the analyst and the decision-maker have developed a 
certain amount of expertise and confidence both in its 
use and its presentation of results. Related to its 
wide use, the drawbacks of the method and the 
potential pitfalls have been well documented; eg the 
treatment of intangibles, double counting, discount 
rate etc. Thus a set of defined pr cedures have been 
developed to minimise the limitations of the 
cost-benefit analysis. 
(iii) Many sophisticated computer program packages have 
been developed which can accommodate a comprehensive 
array of design parameters and variables. (Bellomo, 
1980). The use of "Standard Programs" can lead to 
certain data and manpower resource advantages, for 
example, various sensitivity tests can be 
undertaken which can enlighten the evaluation 
with little extra effort or cost. The computer 
modeling aspect means that there is no analyst bias 
in the evaluation, although the applicability and 
validity of the prescriptive aspects in the program 
must be carefully examined prior to the ensuing 
evaluation. In Britain there has been much public 
criticism of the role computer prograrrunes like 
COBA have played in the overall evaluation of 
projects. Adams(l978) likens COBA, the computer road 
programmes used by the Department of Transport in 
England, to a "Solomon Machine". 
(iv) Cost-benefit analysis is the preferred technique 
when evaluating mutually exclusive alternatives 
with different time horizons, or with high injtial 
cost-low recurring cost-low initial co~t-high 
recurring cost options. 
(v) The methodology is flexible enough to operate at 
the different planning and time horizons that were 
mentioned in Section 4.2. At the systernwide level of 
planning, broad cost estimates would be used, ie 
construction costs per kilometre, lump sum structure 
costs, expropriation costs etc. At the project level 
of planning, more detailed cost comparisons would be 
determined. Due to its wide use, one major advantage 
of the COBA approach, is that there exists a good data 












base of economic costs that can be used to prepare an 
economic comparison, regardless of the level of 
planning. Major public organisations, like the 
Department of Transport and the Provincial 
Administrations have continually updated standard 
cost schedules which aids consistent evaluation and 
minimises analytical bias. 
Now the poorer aspects of the method are considered. 
Although the criterion of plan efficiency is very important, 
it has been shown that it is not possible to measure and 
value all consequences of alternative plans on a common 
monetary scale. The economic efficiency criterion should 
therefore not be the sole basis for a decision; the 
evaluation process should embrace other relevant criteria -
social, ecological, physical, cultural, aesthetic - into the 
appraisal of alternative courses of action. 
(i) The current need to evaluate social and environmental 
consequences of highway plans, presents major problems 
for the cost-benefit analysis methods. Many of these 
factors are qualitative in nature and cannot be market 
priced and as a result cannot be incorporated directly 
into the COBA method. 
Thus, the results of the evaluation must be presented in 
two parts to the decision-maker; the tangibles reduced 
to a single figure (usually net present value) to be 
compared to the intangible factors. This is an 
unsatisfactory method of presentation, since in the 
final evaluation there is a definite tendency to give 
greater weight to the discounted factors than the 
undiscounted intangibles. As Barrell and Hills (1972a) 
state, in COBA there is an inherent bias towards schemes 
which are charact rised by highly monetarised net present 
values, against schemes which may have lower net present 
monetary values but considerable intangible 
advantages. Furthermore, if there are numerous 
incommensurable and intangible factors, Figure 4-9 showed 
that as. their number increases so their individual 
importance to the decision decreases. 
(ii} The COBA method encourages the analyst to render all 
consequences in money terms for eventual 
aggregation and evaluation. Thus, techniques have been 
developed to permit the analyst to make some monetary 
allowance for items that are not subject to market 
transactions. One such technique is to create 
"shadow prices" that are outside normal market 
pricing. 
Shadow prices are indirect costs that are considered 
appropriate measures of the real value society 
places on them. In a highway evaluation context the 
cost-benefit approach has developed a sophisticated set 
of indirect market values for road-user benefits. 
The Leitch Report (Leitch, 1978a} has shown that the 
procedures used to value road-user benefits have been 












widely and severely criticised (see Appendix A). 
In addition, shadow prices have been used to value the 
aspects of environmental amenity, such as a fine 
landscape or a beautiful old building. This category 
of shadow pricing has created many imponderables for the 
COBA method. Firstly, the monetary valuation of an old 
building or beautiful landscape implies that the removal 
of any building or landscape is (economically) 
justified, provided the aggregate economics of the 
evaluation are positive. Countering this statement it 
is argued that it is ethically wrong ·to use a monetary 
measurement scale to appraise the qualitative values of 
beauty and heritage, which for many people are by 
definition values that are unpriceable. 
Finally, the pricing of non-market items, by defin-
ition, must be subjective and introduces into the 
COBA value judgements which may not be explicitly 
apparent to the decision-maker, on account of the 
method's single aggregate metric. 
{iii}The COBA method evaluates alternatives using the 
principle of economic efficiency as the prime 
measure of plan performance. The value of equity is 
not considered in the COBA framework and this clearly 
is a major deficiency in the method. The reason for 
the deficiency is primarily because COBA operates with 
unitary values, emphasis being placed on total 
aggregated benefits rather ·than the distribution of 
the benefits at a disaggregate or sectorial level. 
The insensitivity of COBA to distributional effects 




















FIGURE 5-3 EXAMPLE ILLUSTRATING THE INSENSITIVITY 
OF COBA TO DISTRIBUTION OF BENEFITS. 












Figure 5-3 demonstrates that COBA, if applied in a strictly 
unitary way, will always select case 2, (ie maximum net 
benefit), even if there are gross inequities of benefit. From 
a criterion of equity, case 1 would be considered a better 
"economic" choice, for although the total benefit is slightly 
smaller the benefits are apportioned more fairly. 
In addition it has been suggested that the COBA as it is 
applied to highway / transportation evaluations, introduces 
further inequities, in that it favours the richer sectors 
over the poorer sectors of society (Mishan, 1970). The 
evaluation of travel times, accident costs relative to income 
level, increased car ownership ~ith increasing income level, 
higher residential property values associated with the 
wealthy are all factors that critics use to suggest that COBA 
is nothing more than an economic arrangement that makes the 
rich richer and the poor poorer. Dickey (1975) considers 
COBA's lack of equity considerations as its principal short 
coming. 
5.3.3. Closure. 
It has been stated that of all the evaluation techniques 
reviewed, the cost-benefit methodology is the most widely 
used. Its widespread use results from the fact that for the 
evaluation of most major transportation projects in the 
developed and developing countries of the world, COBA is an 
evaluation requirement. Such diverse organisations from the 
World Bank to our own Department of Transport stipulate it's 
use, (though not always its exclusive use in project 
evaluation.) This favoured status is on account of its 
ability to appraise alternative plans against the important 
value of economic efficiency. 
Cost-benefit analysis has the unique distinction of being the 
only evaluation methodology for which computer progr.ams have 
been developed to aid and routinise evaluation. This 
attribute is because it is a totally quantified technique 
using a monetary system of measurement. The development of 
sophisticated programmes has undoubtedly enabled the method 
to analyse a far broader range of alternatives than would be 
possible with many of the other evaluation techniques. In the 
evaluation of metropolitan/transportation alternatives where 
vast amounts of information must be analysed and evaluated, 
the computerised COBA approach has significant resource 
advantages compared with other methods. This is particularly 
so with respect to the resources of manpower and time. 
As regards the review criterion information transfer, the 
COBA methodology's aggregate metric presents information to 
the decision maker in a form that facilitates decision 
making. In addition and depending on the categorisations of 
costs and benefits, the common monetary metric allows the 
analyst to demonstrate the various trade-offs that may occur. 
The comparative evaluation is however limited to costable 
items, the intangible items requiring a separate appraisal. 
Thus, one of the major criticisms of cost-benefit analysis is 












its inherent economic bias and its inability to incorporate 
non-economic criterion into its evaluation framework. 
Another major weakness of this methodology is that it is 
unable to embrace a comprehensive value framework to ensure 
that the evaluation is holistic in scope. It is particularly 
weak in effectively evaluating projects that have 
environmental or equity considerations. As is well known, 
many environmental factors are qualitative, ie non-economic 
in nature and cannot be incorporated directly into the 
evaluation framework. Similarly, cost benefit analysis as 
traditionally practised in the evaluation of transportation 
plans is unitary value orientated and does not appraise the 
distributional effects of alternatives at the group or 
sectoriaJ__..Leve]:--of analysis;- Thus- on_ account of its weakness 
• ---- • - - - -· --=::i with respect to the fundamental values of environmenEal 
am~aj,_ty-a-nd~qgJ~y_~=:i~i:~h-as be~ _ cri ~i~!s~~-- ~~- .~l!!:tfa;t 
method----6"f evaluation. In order for projects to be 
hol-±-s1:1cally evaluated, it is not enough to show that an 
alternative has the largest net benefit it must also 
incorporate evaluation criteria that measure . relevant 
environmental and equity considerations. 
Further, it has been noted that to accommodate the relevant 
non-economic component in the evaluation, a fundamental 
problem of incommensurability occurs. When there is no common 
metric, an overall weighting system cannot be applied. A 
system of weights can be applied to the cost-benefit part of 
the evaluation but in practice tfii~ usually is not necessary, 
since the individual economic values should reflect their 
relative importance either through the market or the shadow 
pricing mechanism. 
. 
In closing, the principal strength of the cost-benefit method 
is then its ability, through the process of discounting, to 
compress all costs and consequences of alternatives into a 
single dimension - net present value. Paradoxically, the 
major weakness of the technique i's its inherent "economic 
narrowness" and_ its inability to evaluate within its 
framework the incommensurable and intangible items. However, 
the fact that all items cannot be reduced to common monetary 
units, does not invalidate the method but merely reduces its 
effectiveness as a comprehensive evaluation technique. 
5.3.4. Broaden Scope Of COBA. 
The following sections of this chapter {Sections 5.4; 5.5; 
5.6; 5.7 & 5.8) will review some of the different evaluation 
procedur_es that have been developed to "overcome" -some of the 
weaknesses of the cost-benefit approach. It will be noted 
that the "raison d'etre" of all the subsequent evaluation 
techniques is to develop an evaluation framework that is 
broader in scope than the traditional cost-benefit approach 
as discussed in this section of the thesis. It is therefore 
considered prudent that a few corrunents be made to demonstrate 
why the need to broaden the scope of the cost-benefit 
approach has only been fairly recently recognised. 












It will be noted from Figure 5-1 that the costs and benefits 
considered are confined to the facility provider and the 
facility user. Thus the analysis was evaluated as a closed 
system and costs and benefits external to the system 
(externalities) were usually not considered. There were 
primarily three reasons for ignoring· externalities: 
(i) In the 1950's and 1960's there was a general lack of 
awareriess of the significance of non-user costs and 
benefits to the evaluation, particularly with respect to 
the environmental and social effects of highways. Only 
the primary facility related effects were normally 
considered relevant to the evaluation. The secondary 
consequences of highway construction, changes in 
accessibility, concomitant changes in land usage - both 
residential and commercial and the qualitative 
aspects, were usually considered external to the 
evaluation. At best, these secondary consequences were 
appraised separately to. the COBA evaluation or at worst 
were considered to be beyond the scope of evaluation and 
thus ignored. 
(ii) Coupled with the above neglect of non-user effects, it 
was recognised that to incorporate these effects into 
the COBA evaluation would be problemmatic. First 
there was the problem of identification of non-user 
effects and the functional linking of them into the COBA 
method of evaluation, both spatially and temporally. 
For example, often the costs and benefits did not 
accrue equally to the various community groups and 
thus the evaluation values expanded from one of 
system economic efficiency to aspects of equity 
and income redistribution. Secondly, the social and 
environmental nature of these non-user effects were not 
easy to measure and moreover most difficult to 
monetarise. 
(iii) The current need to broaden the scope of the 
traditional COBA approach must be seen against the vast 
increase in development that has occurred since the 
1950's and 1960's. In many .major transportation projects 
it is now not unusual for the external effects to 
have greater significance on the overall evaluation than 
the internal or direct effects. The public opposition to 
the "Garden route freeway" and "Johannesburg's M6 
motorway" projects are local manifestations of the need 
to broaden the scope of the traditional method of 
evaluating highways. As Lichfield (1972) comments, £or 
these categories of project the disbenefits to the 
environment are now ranking in the public's eye at the 
same level at least as the transportation benefits. 
(iv) The last reason for ignoring the external effects was 
that the non-users were often adversely affected 
by the facility, which meant they entered the 
cost-benefit equation on the cost side, which 
sometimes did not suit the promoting authority! 
·The need to broaden COBA method of evaluation to include 












non-user impacts and externalities is now widely recognised 
(Bridle, 1978). However, it is apparent from the discussion 
of the traditional approach that the inclusion of external 
effects makes the COBA a far more complex method of 
evaluation. The complexities that are introduced have lead to 
a schism of evaluation methodologies. The aim to broaden the 
scope of cost-benefit analysis as it is traditionally 
practised, has therefore become a point of departure, since 
this aim has given rise to the development of many different 
methods of evaluation. 
In this review of the different evaluation methodologies, the 




The American Association of State Highway Officials 
(AASHO, 1973) has suggested transportation plans be 
evaluated in two parts : (a) cost-benefit analysis that 
would include all the items that can be reduced to 
money terms, (b) an analysis of all the social and 
environmental items that cannot be stated in money 
terms but that are relevant to the evaluation. This 
approach to evaluation has been widely adopted in the 
USA, Canada and Australia. A review of the various 
techniques for environmental impact assessment will not 
however be undertaken in this thesis. 
In an attempt to overcome the obvious disadvantage of 
presenting two incommensurable parts to be carefully 
weighed by the decision-maker, another school of 
thought has attempted to develop evaluation 
methodologies that are more holistic and comprehensive 
in intent than the traditional cost-benefit approach. At 
the same time these methodologies are not presented in 
two separate parts as in the AASHO approach above. It is 
this category of method that will be reviewed in this 
thesis. They are namely, the cost-effectiveness 
technique (Section 5.4), the ranking/rating matrices 
(Section 5.5), the utility method (Section 5.6) and the 
goals achievement matrix (Section 5.7). 
Another school of thought argues that monetary 
measurement is the best and highest order commensurable 
scale developed to date. For this reason, 
economists have taken the traditional cost-benefit 
analysis further and endeavoured to incorporate many of 
the "externalities" into the evaluation. Such an 
approach is termed social cost-benefit analysis and has 
been used for appraising the social worth of public 
sector projects, such as transportation. Social 
cost-benefit analysis (SCBA) is based on the complex 
theory of welfare economics and attempts to evaluate 
systems from the publics' point of view - ie projects 
are assessed in terms of an overall concept of 
general welfare. The SCBA method of evaluation is 
beyond the scope of this thesis but is mentioned to 
show the full range of evaluation techniques that 
are currently used to evaluate alternative 
transportation plans. 












5.4. Cost Effectiveness Technique. 
As Skinner and Deen (1978) comment, cost-effectiveness is a 
broad and elusive term meaning different things to different 
people. Heuston and Ogawa (1966) define cost-effectiveness 
analysis as an analytical technique for evaluating the broad 
management of economic implications of alternative choices of 
action, with the objective of assisting in the identification 
of the preferred choice. 
The cost-effectiveness technique in the form discussed in 
this thesis was developed in the 1950 1 s and 1960's for the 
evaluation of military and aerospace investments, a field 
where it was particularly difficult to assign monetary values 
to system benefits or worth. Thus, with this military space 
origin, it is not surprising that the cost-effectiveness 
method of evaluation is an interdisciplinary subject. Its 
interdisciplinary approach stems from its synthesis of 
techniques developed in the associated disciplines of systems 
analysis, engineering, economics and mathematics. The 
cost-effectiveness technique was first suggested as an 
appropriate method for evaluating alternative transportation 
plans by Thomas and Schafer (1970). However, a stimulus to 
its wider use, particularly in the United States, was the 
U.S. Government requirement in Sept mber 1975 that the 
principles of cost-effectiveness be used to evaluate 
transportation alternatives that required federal funds. 
Similarly the Report of the Urban Motorways Committee to the 
British Department of the Environment (Burns et al, 1972), 
concluded that the cost-effectiveness technique was a 
promising new method of evaluation. 
In the cost-effectiveness method of analysis alternative 
plans are evaluated using two related but separate frames of 
reference. The first frame of reference is the traditional 
monetary efficiency criterion. The second frame of reference 
is that each plan should be considered in terms of the degree 
to which it attai s the objective specified. The extent to 
which a plan achieves its objectives is defined as its 
criterion of effectiveness. Thus the cost-effectiveness 
technique is a general framework that permits the relevant 
consequences of the alternative plans, to be separated into 
two categories of performance, costs and indicators or 
measures of effectiveness. Thus, the choice between 
alternatives is made on the basis of these two separate but 
related classes of information. The need to reduce all the 
consequences of the alternative plans into a single scalar 
dimension is therefore avoided. Thomas and Schafer suggest 
this attribute to be one of the most important propertjes of 
the cost-effectiveness method, since the other techniques of 
evaluation suffer from an inability to realistically collapse 













5.4.1. Characteristics Of The Method. 
A) Plan Costs. 
The method begins with determining the cost aspect of the 
alternative plans. Costs are defined as the total monetary 
outlay necessary for the design, construction, operation and 
maintenance of the facility or system being evaluated. The 
technique can accommodate either actual costs or discounted 
costs. If the latter costs are used the approach would be 
similar to the cost-benefit method of analysis. However, the 
economic efficiency criterion in the cost-effectiveness 
technique differs principally in two ways from the 
cost-benefit method. Firstly; the pricing of non-market 
consequences is not necessary as they can be left in their 
original and natural units of measure. For example, it is not 
necessary to determine a value of time so that the benefits 
of reduced travel time can be converted into monetary units. 
Travel time can be left in its original units of hours and 
minutes. Secondly; the economic efficiency criterion is not 
the sole criterion of assessing plan performances. The 
emphasis placed on "costs" changes and they are considered in 
relation to what each plan achieves when compared with the 
objectives of the study. 
B) Plan Effectiveness. 
The next step in the method is to determine and select a set 
of measures of effectiveness (criteria) that will 
characterise the alternative plans. Thomas and Schafer 
emphasise that an important and critical aspect of the 
cost-effectiveness method is that it is necessary to develop 
a comprehensive and meaningful set of goals and objectives. 
As Section 3.5.2 showed, for objectives to be meaningful in 
the context of plan generation and evaluation, they must be 
carefully structured both vertically and laterally in their 
hierarchical inter-relationships. 
To ensure that objectives are specifically developed so that 
they provide an appropriate means of measuring plan 
effectiyeness, two criteria are used. The criteria of 
relevancy and feasibility. The concepts of relevancy and 
f easibilty are used to aid the establishment of boundaries to 
the system under study and hence the consequences or impacts 
to be considered. Ideally a decision about an alternative 
plan should only be taken when all the relevant variables 
that are feasibly included in the evaluation have been 
carefully considered. It will be noted that the criteria of 
relevancy and feasibility are in conflict. Relevancy has 
connotations of breadth and comprehensiveness, whilst 
feasibility paradoxically suggests limits and constraints. 
The following procedure is suggested to find a balance 
between these two fundamental criteria. 
C) Criterion of Feasibilty. 
Feasibilty refers to the level of detail of the information 
supplied about various consequences and the number of 
consequences to be considered. In practice it is rarely 












feasible for the analyst to include all the factors or 
consequences that can be tentatively identified. Constraints 
such as cost, time, measurement capabilities, etc, naturally 
tend to establish boundaries to the system under study. Even 
if no resource constraints were present, the criterion of 
feasibilty demands that the number of consequences considered 
must be bounded at the selection and decision-making stage of 
the evaluation. Figures 4-9 and 4-10 showed that as the 
number of consequences considered, or level of detail 
increases, there comes a point where the quality of the 
decision is no longer increased. Thus there is a point of 
diminishing returns beyond which the decision making process 
becomes overloaded and inefficient. 
In summary, the criterion of feasibilty can be considered to 
act as a constraint in the selection of factors to be 
considered and can be classified in a similar manner as a 
planning constraint (see Section 3.4.1). 
* 
* 
Feasibility is related to the resources that, 







to the ability to use 
the decision making process. 
are 
the 
D) Criterion of Relevancy. 
The criteria for relevancy are primarily dependent upon the 
values, goals and objectives of the planning process. Once 
the study objectives have been formulated, a consequence or 
impact that has no relevance to the specified objectives is 
clearly irrelevant to the decision making process. Similarly, 
if a consequence is identical for all alternatives 
considered, then it will not be a relevant consequence in 
appraising the differences between alternatives. For reasons 
of efficiency, the criterion of feasibilty requires that only 
relevant factors be considered in the decision making 
process. 
Another important step in determining the relevance of 
various consequences, is to understand the relationship 
between the transportation system and its environment. The 
development of a conceptual systems model may be useful to 
ensure that the consequences of the alternatives are 
correctly and fully described. 
Consequences may be classified as relevant to the evaluation 
of alternative plans if they give rise to advers~ or 
favourable impacts that specific social / econom~c / 
environmental groups either cannot accept those imp~cts or 
will benefit greatly from them. 
Setting guidelines for criteria of relevancy by which 
particular factors can be included or excluded from the 
planning process is particularly difficult. Although the 
above guidelines will aid the selection process, the measures 
of effectiveness that are finally chosen will by necessity 
depend on the subjective judgement and experience of the 
analyst. 












e) Framework for evaluation. 
-
The framework for the cost-effectiveness technique is 
particularly flexible with respect to the different ways plan 
effectiveness is presented to the decision maker• At a higher 
level of measurement, plan ef fectivene~s can be represented 
directly in physical units, eg reduction in peak hour travel 
time in vehicle minutes, change in noise levels in decibels 
etc. However, a complete quantitative model of effectiveness 
in most planning situations is not possible. Fortunately, 
lower levels of measurement can also be accommodated in the 
framework, eg comprehensive verbal or pictorial 
presentations. Thus many kinds of information, regardless ·of 
the degree of sophistication of description are admissible in 
the cost-effectiveness framework. Figure 5-4 is a conceptual 
model showing the informational linkages in the cost-
effecti veness framework. 
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FIGURE,5~4 CONCEPTUAL MODEL OF THE COST-EFFECTIVENESS 
FRAMEWORK FOR EVALUATION. 












f) Presentation Format. 
The most common form of presentation used in this technique 
is the tabular matrix, as shown in Table 5-2. The attributes 
of the alternative plans are represented by the appropriate 
column in the table and are typically grouped into three 
categories of information: economic efficiency criteria, 
direct performance consequences and concomitant consequences. 
The difference or trade-off between plans for a particular 
attribute may be assessed by reading across a row. 
It will be observed from Table 5-2 that each attribute is 
presented to the decision maker in its original and natural 
units of performance. The different categories of 
information are presented to help characterise the 
effectiveness of the alternative plans. On account of the 
variety of dimensions, there is no attempt to aggregate the 
information into an overall plan performance on 
effectiveness. Rather, the emphasis in this method is to 
show to the decision maker the comparative trade-offs or 
compromises of selecting one alternative over another. To 
explore the relative trade-offs and different levels of 
effectiveness between alternatives, extensive use can be made 
the multi-dimensional cost-effectiveness diagrams, eg Figures 
5-5 and 5-6 and pictorial information, eg photomontages as 
shown in Figure 5-7. 
Figure 5-5(a), for example, demonstrates to the decision 
maker the performance of the four alternatives with respect 
to the frames of reference of construction cost and travel 
time saved. The decision-maker may go through the following 
steps of evaluation. First, he may decide to eliminate 
alternative 4, since he may consider alternative 1 to be more 
cost-effective. In comparing alternative 1 with alternative 
2, it can be seen that alternative 2 produces, for a 
relatively large increase in cost, only a small increase in 
travel time saved. Then, finally he must decide when 
comparing alternatives 1 and 3 whether it is worth spending 
the additional money in order to gain the extra travel time 
saved. Therefore, regardless of which alternative is 
selected the final choice is a subjective matter. If 
alternative 1 is chosen, this alternative can be termed 
cost-effective, since it provides the decision maker with a 
satisfactory level of effectiveness at what he considers to 
be a fair price. 
In addition, the graphical presentation identifies 
alternatives that are dominated by others; eg Figure 5-5(b) 
shows that alternative 1 dominates alternative 2 with respect 
to its effectiveness in reducing accidents. In certain 
instances it may aid the decision making process if value 
lines are placed on a diagram. Figure 5-5(c) demonstrates the 
value in terms of construction cost per house of choosing one 
alternative over another. 
In this manner, the cost-effectiveness diagrams illustrate 
clearly and objectively the relationships between 
alternatives and the trade-off that must be made to choose 
one alternative over another. 











ATTRIBUTE ALTERNATIVE AL TERNA Tl VE 
1 2 
Economic Ef~iciency·C~iteria 
L Project construction cost in 18,6 20,2 
mi 11 ions of rands 
Fundrng Share* 
(a) Government 14,9 14. 1 
(b) Provincial 3,7 6, 1 
~ . 
Direct Pertormance_Consequences 
Tota I time saved in 1980 in hours 2 560 2 840 
compared to Alternative n 
Reduction in fatal and serious 
accidents in 1980 compared to 
Alternate (n) 200 180 
3. Attractiveness of view from 
road -(ranked) 3 
Concomitant Consequence~ 
1. Number of houses to be demoished 112 72 
2. Noise impact 
(a) Number of properties 
subject to increase 180 40 
5 - 10 d.B (A)_-llO 
Aesthetic Impact on local Severe Moderate/ 
. ** severe community ** 
SI i ght SI ight Ecological Impact 
*Assumes funding share for Alternative 1 and 4 will be 80% central 
government and alternative 2 and 3 will be 70% central government. 
























SI i ght 
SI ight 












1 1 I I 
L...!_~fj I ' i ' ' I j ' ~ . -,~I+--+ 
-~-~- ·-; i. 1: 1 1 1 ~ 1 1 1 1 , , 1 ·r 1 1 1 1 1 
.__~; '-'~_,I_.:._+-- , :.IT°2f""T r 1 : I I ; 
~l1r1 111:11·1 it .-r 
I I' I I I I I 1 ! J I I I I 
l--'-+-+-~'-1--;_,-+'-+-+-,~~=-:'-l---l-+--1--!-i--l--l-4--l--l--l--!-~l-1-1--1'--1-~'-1--!'--1-~r_.:._•~ t-H-·'-: +-i-1 ~;~+.c :,~!--,~.-1 !-4-1++-,.-i++-H1--l-1 -,,++-H1--l-+-i--+1 -+1 .;.1+.c__;..: -+1-'-+ l--'-+~,-+-+--'--l,~+-,','-l--+-+-~+--,1--+-f--\-i-+++-i--i,,++-+--+-++-1-+-i--i,,+-,-.~. +,-++ 
r 1 I i 1 1 I 1 I ! i 1 
'I l I I I I Ii ! 
I " ! I · I I I I I I 
I j J L 'I j JI I. 
: ! t I ! I! l I I I!! j I! I 
: I t ~·~'-';....+-~1..,._lt--t-+-~'--'+-t--t--t-4'-+14,-+·i'-+--'l-+-+-+--l'-l--!l--t-+-+--1--'--J. 





Total time saveo 
(nours)-
Figure 5 - 5 (a) 
BO 120 
No. Houses Demo I isneo ------





















t ,...... .,, 
c: 
C> 
























I '1',' ,'·,.1,L,~Li_.:t-,' .'.1!,' 'il il11 ij I~.~! I i ttt-+-'--;-' ...,'-+-l--h111--,..',. :... .._C!7,. L : !.·-,-.· ·:.: 
! I • _L f I t ' y~~I ! I I ; I LL ~.[ i 
-...-.-]--:- i'~-j- .,....,----- --j ,- , i ·r l·3· - r. -.-. -;-
~ : j ; -++T- ~t--, ...,'-'--1-t-"!-7 ' - I ;t-:-J_~~ 
I!• 1·11 II t ~.1: t':_11tl1t~!_ 
!jl 11 + .. ,. l 1rLL:_.· 
[il1-·1~- ~. -~ - ! ; 1 I I H-1; ,--~ 
I I I I : I • , • • -!-f:-2-~ ;.._, I I I 
1 I 1 I I I! 1 I 
r+-.-;- -~~1-~1 +-J.-i--1-~l_,_,~l'-l-~-+-f-rl--+-+-~J-+~l...;.....;__1---t--L..Lj_.,...j.-~--J. 
J.-1+-. +'-T'-l--'--l-.'-+-t-+i-+1+•--1-l+--+-l_.-'-+-+-"--+-l-++--~''+--l--l-'--'-'-4-l--'--;....c-L.+ 
I I I ! 1 I I / l j l I .J_ 
l--''-~':-+-+-+l~l~411_--l-+-l~+--IL1 .. 1+1-~J:-~..j.-l~l+--~:~1--!-:+:-~+--,:'.+:--L+--'-+l~+--I--~+-
<-Lh-+-1--<-+' ~'-+-t--'-'~_L__ ILll -1---1-:.i--1-:+ '1~{..';--1-1 +'-++-l--+--+-+.Lj--;.-1--1-r,--+ 
l I, I I 
I I : I I I 
I I I l I 




. '' ;, t Ii, 
I I l ! I l ! 'I I''! 
l I I I . I; I 'I I ii;·,-
H-+-il--':-1,-oY,-+, -+-+-l.-+l -il-+1-t-+1 ~, +-1-+-+--L-.f-+-t-h;c-rl -t-h1H-, -·1-h 1 r-· r--J.T 
l-~-i1--1-,' -i!-+'-~~f-;1~4-+_-t:~::.~~;-:.-:::;::~lj;_tj;_t:';!~:~::1;.T~l~·_t:l;_;.-I: ::-:1-+L-i-'/;_;.-:' .::::~11 ~='":,'--"~'.-=-'°. ::_,'-:;: 
t JI I I j I i : I 'I l 1; f, 
I I I ii .. -, 
l--i~l+-''-+-t--'-J-.l--1--l-l-;-Lll+'--l--L..f--l:~-+-~,-i,-+J'--i-+-L.1 •I ; I +-+-:..+ 





200 300 400 
Reouction in Accidents 
(No.) -
.fi_gure ".5 - 5 (b) 
120 1 BO 24C-
No. Houses affectell Dy noise.----
Figure 5 - 5 (II) 
FIGURE 5 6 TYPICAL COST - EFFECTIVENESS DIAGRAMS 











% Increase in travel time saved relative Alt.(4) 
(Objective (2)) .... 
5-23 
FIGURE 5 - 6 
DIFFERENT VALUE TRADE-OFF LINES 
Figure 5 - 6 {a) 
Value lines ~hen 
Oajective (1)&(2) 
Have equal w~ignt 
Figure 5 - 6 (D) 
Value lines wnen 
Oajective (1) is weignted 
5 X Oajective (2) 
Figure 5 - 6 (c) 
Value lines wnen 
Oajective· (f) is weignted 
10 X Oojective (2) 














20TH CENTURY HOUSING, OBLIQUE 
Figure 5-7 THE EVALUATION OF VISUAL INTRUSION BY USING PHOTOMONTAGES 
(Sou r c e : F reed man , 1 9 7 3 , p. t , 9, 1 3 ~ 












g) Weighting Effectiveness. 
The cost-effectiveness diagram can also be used to evaluate 
the effect of different objectives having different weights. 
This is done by developing a set of trade-off lines, known in 
economics as indifference curves. These indifference curves 
represent combinations of the two objectives with the same 
combined value. The value of the trade-off lines is 
controlled by the general equation: 
V = Wl (Objective 1) + W2 (Objective 2) ••• Wn(Objective n) 
where V = combined value. 
W = numerical weight of specific objective 
by applying the above equation a set of numerical weights can 
be applied describing the marginal rates of the trade-offs 
between the objectives. An example of different value 
trade-off lines are shown in Figures 5-6 (a) (b) and (c). 
First it should be noted that to determine the trade-off 
lines or rates of exchange the two axes of criteria must be 
reduced to a common scale. In the examples shown a relative 
percentage scale referenced to alternative 4 has been used. 
Secondly, because two objectives are in conflict, ie the 
purpose of objective 1 is to minimise the percentage increase 
in cost whilst the aim of objective 2 is to maximise the 
percentage increase in travel time saved, the resultant 
composite value of the two objectives is given by: 
V = W2 (Objective 2) - Wl (Objective 1) 
Figure 5-6(a) shows the set of indifference curves for when 
objectives 1 and 2 have equal weight. Each indifference line 
represents a combination of the two objectives that gives the 
same combined value. Thus if two alternatives fall on the 
same indifference line they can be termed to be of equal 
value or effectiveness. In Figure 5-6(a) when the two 
objectives have equal weight, alternative 3 is the best 
alternative since it lies nearest the highest combined value 
line. Figure 5-6(b) shows the set of lines for when 
objectives 1 is weighted five times more important than 
objective 2. It is clear from the value lines that with this 
weighting alternative 1 is now the best alternative. Finally 
Figure 5-6(c) shows the trade-off lines for when objective 1 
is weighted 10 times more important than objective 2. Here it 
can be seen that alternative 4 and alternative 1 are now of 
equal value. 
By applying different weights to objectives and developing 
different sets of trade-off lines, it is possible for the 
decision maker to explore the effectivenes~ of the 
alternative plans in a very comprehensive and clear manner. 
However, it must be remembered that since the trade-off lines 
permit a decision to be made, it must be explicitly 
recognised that the relative scale and trade-off lines are 
subjective in nature. 












5.4.2. Capabilities And Limitations. 
Discussing first the technique's good characteristics. 
i) The cost-effectiveness method has the desirable 
properties that it is founded on a systems-analysis 
framework and is orientated towards a system of 
values, goals and objectives. In the evaluation 
process the effectiveness criteria are an outgrowth of 
the study objectives. Therefore, the capability of the 
method is conditioned on a meaningful and complete 
specification of goals and objectives. 
ii) The method has a broad and flexible framework which has 
been designed to present objective information to aid 
the decision making process. There is an emphasis 
on providing information to support the decision, 
rather than providing a set of decision rules. 
iii) The multidimensional characteristics of evaluation 
criteria are recognised and the method does therefore 
not require the development of a common dimension or 
relative scale that is required for the other 
evaluation techniques. The attributes of the 
alternatives are, wherever possible, presented in 
their natural units of measurement, free from any 
subjective measurements. Where direct quantitative 
measurement is not possible, then subjective scales can 
be explicitly used. The method does however attempt to 
present only objective information, leaving the 
subjective aspect of the evaluation to the 
decision-maker. 
iv) Socio-environmental and equity considerations are 
evaluated under the category of concomitant 
consequences. In Table 5-2 the incidence of the plan 
consequences have been shown only at an aggregate 
level, ie the total number of houses affected etc. 
However, the information format is flexible enough for 
the incidence of plan consequences to have been 
presented in the form ·Of. {say) high income, middle 
income, low income groups or any other appropriate 
grouping. The only drawback of a more detailed 
equity/incidence breakdown is that the volume of 
disaggregate information increases significantiy. It is 
hence the opinion of the author that a detailed 
equity/incidence evaluation is perhaps better achieved 
in the form of a separate supplementary evaluation. 
v) The information format is disaggregate in nature. 
Many analysts feel this is a good char~cteristic 
{Sorensen and Moss, 1973). It is often felt that an 
evaluation matrix that collapses total plan 
performance into an aggregate index can mask the 
individual inter-relationships. An aggregate score 
tends to obscure some of the information about 
alternative plans. In addition, it is suggested that an 
evaluation on a disaggregate basis permits a more 
realistic final selection than the aggregate 












approach which offers the decision-maker a "yes" or 
"no" choice. 
vi) The method recognises the complex and divergent 
nature of transportation decisions and specifically 
allows the decision-maker to examine the 
different trade-offs or compromises that may be 
associated with selecting one alternative over 
another. The trade-off lines are a particularly useful 
procedure to evaluate two objectives when they are 
to some extent in conflict and when objectives 
have a different weighting. (Hawkins, Hawkins and 
Osborn, 1979) 
vii) The cost-effective diagram (Figure 5-5) is an excellent 
method of presenting information for evaluation and 
selection. In general, the criteria are measured on 
the interval scale and therefore reflect accurately 
in absolute terms the plan performance. The graphical 
presentation also permits the decision-maker to 
assess. the the marginal difference between 
alternatives. Therefore, the graphical presentation 
permits an assessment of both absolute and 
marginal plan performance. 
Viii)The cost-effectiveness technique is a comparatively 
cost efficient method of evaluation as compared with 
the cost benefit and utility methods of evaluation 
(Burns et al, 1972). For both the cost benefit and 
utility methods can require considerable resources 
(particularly the latter) to translate the different 
impact measurements into a common monetary or utility 
scale. 
Considering now the poorer aspects of the method. 
i) The most obvious limitation (paradoxically) of the 
method is its disaggregate presentation of 
information to the decision maker. Decisions made 
with this type of information support cannot be 
other than difficult (refer to Section 4.7 vii). 
Stopher and Meyburg (1976) consider the disaggregate 
presentation to be a major shortcoming of the method. 
When the number of criteria considered in the 
evaluation is large, there is a danger that the 
decision-making process can become overloaded with 
information and the judgemental capability of the 
decision-maker may be exceeded. Wilson and 
Schafer (1979) have reported that decision 
makers when confronted with the disaggregate 
cost-effective format have requested the analysts to 
collapse the data into fewer dimensions to facilitate 
understanding and choice. 
ii) Since a numerical weighting system is a procedure that 
permits automatic selection (refer to Section 4.3.2) 
the cost-effectiveness techniques is not amenable to a 
general weighting system as is used in the rating and 
utility methods of evaluation.In some respects this is 
a major limitation. However, it should be remembered 












that the purpose of cost-effectiveness techniques is 
to present information that is relatively free of 
value judgements and any weighting procedure is by 
definition highly subjective. Nevertheless, Figure 5-6 
demonstrated for most quantitative criteria a 
system of weights can be applied on a pair wise basis 
once a common relative scale has been developed. The 
assigning of explicit numerical weights to qualitative 
criteria cannot be applied, the weighting of these 
criteria can therefore, only be subjectively weighed by 
the decision maker. 
iii) In the evaluation matrix presented to the decision 
maker, (Table 5-2) it will be noted that the measures 
of effectiveness are in different units. There is a 
danger that the large unit measures, such as travel 
time saved might dominate small unit measures such as 
the number of houses demolished. Therefore, the 
foregoing aspect requires the decision maker to be 
sensitive to not only the absolute measures of 
impacts but also their relative magnitude compared 
with the other impacts or consequences. 
5.4.3. Closure. 
Thomas and Schofer (1970a) summarise succinctly the principal 
characteristics of the method. The strategy of the 
cost-effectiveness technique is that it presents information 
in a decision orientated framework stating what each plan is 
expected to achieve in relation to the objectives of the 
system .(effectiveness), in relation to the cost of the 
alternative (efficiency) and in relation to the other 
alternatives. (trade-offs). 
Compared with the other evaluation techniques reviewed in 
this thesis the cost-effectiveness technique is conceptually 
different. The difference lies in it's treatment of 
incommensurable criteria. It does not develop a common scale 
or unit of measurement but compares costs with effects on an 
individual basis. The disaggregate nature of the methodology 
means that different kinds of information; quantitative, 
verbal and pictorial, can all be included in the information 
matrix. The disaggregate nature of the information can make 
decisions difficult, although the proponents of the method 
argue that this difficulty of selection reflects in a real 
way the complexity of consequences associated with 
transportation plans. Further, it is suggested that if the 
choice process is oversimplified through the restriction of 
information, then although the decision may be made easier 
the quality of the decision may be compromised. 
A further desirable attribute of the cost-effectiveness 
technique is that it can accommodate divergent goals and 
objectives. The cost-effectiveness diagrams (Figures 5-5 and 
5-6) are a particularly useful technique to examine the 
trade-offs or compromises that will result in selecting one 
alternative over another. 












From the critical appraisal in Section 5.4.2 it appears that 
the cost-effectiveness technique compares well with the other 
review criteria. The criteria are; the value framework 
represented, resource requirements, information presentation 
and replicability. The methods replicability attribute is 
very good, since the analyst is encouraged to present 
information that is primarily free of value judgements, the 
majority of the subjective weightings and selections being 
left to the decision maker. 
The method has the following two major limiting features with 
respect to the review criteria; weighting of criteria and 
information format. Firstly, the direct application of a 
general weighting system for both quantitative and 
qualitative criteria is not possible. Wilson and Schafer 
(1979) have shown that if a general weighting system is to be 
applied then the disaggregate information must be "rescaled" 
using either a rating or utility procedure. Secondly, 
although the cost-effectiveness information format is very 
comprehensive and objective, if the number of criteria to be 
assessed is large then the decision-maker can struggle to 
synthesise and weigh the large volume of disaggregate 
information. 
On account of its flexible framework and ability to handle 
different kinds of information, the cost-effectiveness method 
is eminently suitable to evaluating plans at either the 
systernwide or the localised level of planning {Stuart, 1974). 












S.S. Ranking And Rating Matrices. 
Plan ranking and rating schemes have been widely used by 
engineers and planners, often as a supplementary evaluation 
technique to an economic appraisal. This is due to their 
ability to reconcile and compare alternative project costs 
with other relevant, incommensurable and intangible criteria. 
Section 4.4.3 showed that all ranking - rating methods are to 
a greater or lesser extent subjective in rationale. 
Nevertheless, their principle advantage is that they can 
accommodate many important objectives and criteria that are 
left outside the cost-benefit framework of evaluation. The 
subjective nature of this approach implies that the 
measurement of plan performance will not be as precise as the 
economic efficiency criterion of measurement but will be 
broader in scope. 
In its simplest form, this method of appraisal ranks 
alternative proposals by an ordinal or cardinal score against 
a relevant set of design criteria. Tables 4-2 and 4-3 show 
typical ranking and rating matrices. 
5.5.1. Rank-based Expected Value Method. 
This particular method was originally developed in the 
business discipline to evaluate alternative long-term 
marketing/corporate strategies. It was first adapted for 
evaluating alternative regional land-use/transportation plans 
by Schlager (1968). The method is both simple in concept and 
application and principally involves the following steps: 
Rank ordering of study objectives. * 
* 
* 
Rank ordering of plans under specific objective. 
The estimation and assignment of a probability of 
implementation for each plan alternative. 
The rank ordering of study objectives is to reflect their 
relative importancp to one another in a multi-dimensional 
value system. The rank ordering of the plans under each 
specific criteria reflects the incommensurability of units. 
The probability of implementation concept reflects the aspect 
of uncertainty into plan evaluation. 
The matrix table (Table 5-3) demonstrates the 
evaluating three alternative plans, 1,2 and 3 
study objectives. In the example shown, plan 
selected as the best alternative having 
rank-based expected value. 
approach for 
against three 
3 would be 
the highest 
















Balanced N!I tlire I· 
A I location Resource· Facility 
of land Conservation Costs 
Specified Rank Order Va I ue ~ank Order Value Rank Order Value Expected Tota I 
Development of Objectives of Objectives of Objectives Value 
Objective n:2 n = 3 n = 1 v=p i::n1 m1 +n2m2+n3m3 
Rank Order Value R!lnk Order Value Rank Order Value 
of Plan m of Plan m of Plan m 
Probability of 
0.6((2X3)+(3X1)+(1X3))=7.2 Implementation 3' 1 3 
P = o.B 
Probablllty of 
Implementation 2 2 1 0.5[(2X2)+(3X2)+(1.X1))=5.5 
p = 0.5 
Probability of 
Implementation 1 3 2 0.9((2X1 )+(3X3)+.(1X2)j=11.7 
. p = o. 9 
TABLE 5-3 EXAMPLE OF RANK-BASED EXPECTED VALUE METHOD. 
(Source: Schlager, 1968, p. 154) 
5.5.2. · Capabilities And Limitations. 
The principal advantage of this method is that it is simple 
and quick to use. It will be appreciated however, that at 
best it is a very coarse method of evaluation and is 
appropriate to the systemwide level of planning rather than 
the localised level. 
Unfortunately, the method has two fundamental limitations. 
Firstly, Section 4.4.3 demonstrated that ordinal ranking 
methods are not amenable to any arithmetic manipulation, if 
the basic principles of measurements are to be obeyed. 
Therefore, the multiplication of probability factors, 
objectives and plan rankings to give· an aggregated value is 
not a legitimate mathematical operation. Secondly Section 
4.4.2 showed that any ordinal ranking procedure suffers from 
the major drawback that the relative difference in plan score 
between actual plan performance and ranked performance is not 
reflected. If only ranking information is presented to the 
decision-taker, it is thus impossible to select the preferred 
alternative with any confidence, except in the simple and 
trivial case where dominance exists. 
5.5.3. Relative Rating Matrix Method~ 
To overcome the shortcomings of ordinal ranking, the rating 
method can be used for plan evaluation . In Section 4.4.3, 
three types of rating procedures were examined; cardinal, 












normalised and relative rating. Jessiman et al (1967} have 
developed an approach to evaluation that uses the relative 
rating transformation function to appraise plan performance. 
The method is characterised by its ability to incorporate in 
a formalised framework both objective and subjective plan 




Weighting of study objectives. 
Rating the way each plan meets each specific objective. 
Aggregation of plan scores into single numerical values 
which represents plan worth. 
Expanding on the above steps and using Jessiman's transit 
agency example, the planner must first assign weights of 
importance to the relevant set of objectives: 
OBJECTIVE 
1. To maximise annual return 
on investment 
2. To increase transit 
patronage 
3. To maximise percentage of 
seated patrons 
4. To increase miles of 
extension into corridor 
5. To divert peak-hour 
auto-users to transit 
Table 5-4 shows a typical 
measurement criteria array. 
1 2 
Criteria 









alternative scheme versus 
3 4 5 
Ave.rage % Mi !es of Peak-hour auto-
return on -number· passengers extension users diverted 
.Schemes investment 
passengers seated in in.to to transit 






13,0 25,0 25,0 8 3,5 
14,0 23' 0 35,0 7 3,0 
11., 0 20,0 40, 0 6 2,0 
13,5 1BI0 50,0 5 1'5 
15,0 17 I 0 50,0 5 1 '5 
TABLE 5-4 EXAMPLE OF ALTERNATIVE SCHEMES VERSUS CRITERIA. 
(Source: Jessiman, 1967, p. 75} 












The next step is to rate the way each plan achieves the 
specific objective or design criterion. This is done by 
developing transformation functions similar to Figures 4-5 
and 4-6 for each measurement criterion. When the alternative 
schemes have been rated for each objective, the scores can be 
summed. The alternative ~ith the highest number of points can 
then be selected as the alternative that best meets the 
combined objectives of the transit agency. Table 5-5 
demonstrates the presentation of the relative rating method 








1 2 3 4 5 
(8 points) (4 points) (3 points) (3 points) (2 points) 
4,0 4,0 0,0 3,0 2,0 





3,0 1, 2 2,0 
1, 5 1,8 1,0 
0,5 3,0 0,0 
0,0 3,0 a.a 
TABLE 5-5 : RELATIVE RATING MATRIX 
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5.5.4. Capabilities And Limitations. 
Dealing first with the methods' good characterists: 
(i) The method can evaluate objectives and design 
criteria than can be described as multi-dimensional. 
Thus, the evaluation can be comprehensive in that it 
can include social, environmental, aesthetic and 
economic objectives. 
(ii) The method has the desirable attribute in that 
it considers plan effectiveness by attempting 
to measure the extent to which each alternative 
plan achieves the formulated set of objectives and 
design criteria. 
(iii) Another desirable characteristic is that objectives 
and design criteria can be assigned different weights 
to reflect their relative importance. 
(iv) The technique 
applied to 
is particularly adaptable and can be 
alternative evaluation problems at any 












level of planning and also different aspects of 
transportation planning. 
{v) The derivation of the transformation scoring fun~tion 
is simple to develop and the technique therefore, 
does not require excessive data or manpower 
requirements. 
Now, considering the poorer aspects of the method: 
(i) One shortcoming of this technique is that the 
transformation scale is based on a relative scale. 
The disadvantage of this scale was noted in Section 
4.4.3. This limitation can however, be minimised in 
most cases by ·using the null alternative as a 
comparative base for the relative scaling function. 
{ii) If it is accepted that the purpose of evaluation is 
to present information rather than to make the 
selection of a specific alternative, then the format 
of the procedure has certain subtle dangers. Firstly, 
the single aggregated index of plan performance 
requires the engineer or planner to take on the dual 
role of evaluator and decision-maker. Therefore, the 
temptation and danger of analytical bias entering the 
evaluation must be guarded against. 
Secondly, the reiative rating array is aggregate in 
concept and the prescriptive and descriptive 
disaggregate elements are therefore, not obviously 
apparent unless highlighted by the analyst. The 
transformation functions should also be presented 
to the decision-maker to show how the subjective 
judgements have been incorporated into the evaluation 
matrix. 
Thirdly, the aggregated index format is not conducive 
to illustrating the relative trade-offs between 
alternatives. For example, a primary consideration 
for any decision-maker is project cost, an 
aggregation of which with all the other consequences 
may be a limitation in many cases. For the above 
reasons, the format of the technique may be 
considered more a decision document than an 
information document. 
(iii) Although the relative rating method is fairly 
comprehensive in scope and incorporates both the 
values of both economic efficiency and social-
environmental amenity to measure plan performance, 
it does not specifically take account of equity 
considerations. Thus, if equity/incidence effects 
are considered relevant to the total evaluation, 
they must be examined in a supplementary 
evaluation, separate to the relative rating matrix 
method. 













From the foregoing overview it can be concluded that all 
ranking methods of evaluation, by definition, convey very 
limited information to the decision-maker as compared with 
methods which use ratio and interval scales. The coarse 
measurement scale that is used, the subjective rationale of 
the scoring function and the fact that the ranking scores 
cannot be unified into a single numerical value of plan 
performance, seriously limit the validity of using the 
rank-based methods in the evaluation process. If these 
methods have a niche in the evaluation process, they should 
be confined to limited information situations. In this 
instance, they would be used as a preliminary decision-making 
model for screening a large number of alternatives that 
consistently rank poorly, from further in-depth analysis and 
evaluation. This thesis does therefore not consider the 
rank-based techniques to be effective or appropriate methods 
of evaluation in the general transportation planning process. 
In contrast, the rating methods and in particular the 
relative-rating matrix methodology appears to possess the 
ability to handle a comprehensive array of both quantitative 
and qualitative criteria in a systematic and rational 
framework. Further, it has good characteristics with respect 
to the review criteria of flexibility, value framework 
represented and resource requirements. Even poorer aspects 
such as: the relative scaling function, possibility of 
analyst bias and information transfer need not be serious 
limitations if recognised in the evaluation pro~ess. In 
certain instances, the "poor" characteristic that the 
technique is more a decision document rather than an 
information document can be used to advantage. For example, 
if the evaluation and decision-taking elements are carried 
out in an open evaluation system (refer to Section 3.8) with 
the eventual choice being made on the basis of 
co-determination, then the relative-rating matrix method is a 
very suitable technique. 
The characteristics of the relative-rating method therefore 
suggest that it should be used in highway and transportation 
studies where the intangibles form a significant facet to be 
evaluated and weighed against the economic factors. 
In an effort to obtain the best of both the ranking and 
rating approaches in evaluation, Jarvis et al (1976) has 
misguidedly, in the opinion of the author, combined the 
ranking and rating values to produce averaged normalised 
values. The main emphasis in recent research appears however, 
to have been in the direction of developing a more formalised 
rating methodology and in particular a scoring funct~on that 
is based on the highest measurement scale, the ratio scale. 
J 
The outgrowth of this recent research is the utility method 
of appraisal, which will be studied in the next section of 
this thesis. 












5.6. Utility Method Of Appraisal. 
The utility method is very similar in structure to the 
previous relative rating method, the principle difference is 
the farmer's use of a utility scoring function based on a 
ratio scale. This methodology has been used to a limited 
extent in North America {Schimpler and Grecco, 1968 and Kay, 
1970), but has been widely used in Germany, where it has been 
adopted as one of the standard methods of evaluating federal 
highway transportation alternatives {Zangemeister, 1973 and 
Leitch, 1978b). 
However, the particular utility method of evaluation 
described here has been developed by the National Institute 
of Transport and Road Research {NITRR) and has been reported 
by Baxa {1978). 
5.6.1. Characteristics Of The Method. 
A conceptual model of the utility evaluation process is shown 
in Figure 5-8. It will be noted that this particular method 
uses both the fundamental criteria of economic efficiency and 
effectiveness as the basis for eventual choice. The right 
hand side of the figure {blocks 2, 5, 12 and 13), illustrates 
in an abridged form the economic efficiency aspect which was 
discussed in greater detail in Section 5.3. In this portion 
of the thesis, our attention will focus on the effectiveness 
element {blocks 1 to 11) which forms the kernel of the 
utility method. 





Weighting of study objectives and criteria 
Scoring the way each plan meets performance criteria 
Aggregate plan scores into a single numerical value 
which represents overall plan utility or worth. 
A) Weighting of Study Objectives and Criteria. 
The hierarchical relationship between goals, objectives and 
criteria {refer to Section 3.5), is specifically accounted 
for. The relative importance {and therfore the weighting) of 
each set of goals and objectives is now determined by a 
weight allocation procedure described in Section 4.3.2. 
In order to evaluate the performance of each plan, certain 
measurement criteria are developed for each objective. For 
objectives that are described by two or more criteria, these 
too must be assigned a number of points to reflect their 
relative importance to the specific objective. The 
allocation of points between the selected goals, objectives 
and criteria is illustrated in Table 5-6. 
















3) OBJECTIVES TO MEET 
GOALS 


























6). CRITERIA RE.'LATING TO CONSEQUENCES 
FOR MEASURING DEGREE TO WHICH 
SCHEMES MEET OBJECTIVES 
7) DEVELOP PERFORMANCE GRAPHS TO MEASURE 
THE DEGREE OF TARGET ATTAINMENT 
BY EACH CONSEQUENCE 





9) PARTIAL UTILITIES-SCORING & 
WEIGHTING EACH CONSEQUENCE.__,.., 
UNDER EACH SCHEME -- :,· 
10) SUM OF ALL PARTIAL UTILITIES FOR 
EACH SCHEME ~TOTAL UTILITIES 
I 
I 













12) NET PRESENT WORTH 





DECISION & SELECTION 
NO --
FIGURE 5 - 8: CONCEPTUAL MODEL OF THE UTILITY EVALUATION PROCESS (Source : BAXA (1978 p.13)) 












B) Rating the way each plan meets each performance criteria. 
This step in the utility method differs from the rating 
method in that a performance graph (Figure 5-9) must be 
developed which describes the effectiveness or utility of 
each plan in meeting the relevant criterion (using a ratio 
scale). The concept of performance graphs have been used in 
certain environmental impact analyses, particularly the 
Battelle technique (Dee et al, 1972), which systematically 
transforms all the relevant parameters into commensurate 
units. 
The purpose of using performance graphs is primarily two 
fold: 

















criterion the shortcomings of using relative scales 
are avoided. Thus, the analyst should establish, 
where possible, the maximum and minimum range of 
performance by which each criterion can vary. For 
example, the nuisance of noise could be 
intuitively evaluated by adopting a noise 










Alternative 2 & 3 
too d,D(A) 
Lou a 
FIGURE 5-9 : NOISE PERFORMANCE GRAPH 












Here the criterion of noise pollution is described in 
terms of the measurable parameters 'intensity of noise' 
and 'frequency of occurrence'. It should be noted that 
the performance function can be linear or 
non-linear. 
The absolute performance scale therefore overcomes the 
relative rating scale drawback of the best 
alternative receiving a full score even though it 
may be far from ideal. Conversely, the worst alternative 
getting zero score, even when it is not much worse 
than the best alternative is overcome. 
(ii) Defining the performance relationship is an attempt to 
formalise the analyst's subjective judgement ensuring 
that it is based on the latest relevant information 
and where possible, measurable parameters. Baxa (1978a) 
suggests that per.formance graphs should be developed 
by experts from the disciplines to which the 
criteria of the graphs relate. 
Once the performance graphs have been developed for each 
criterion, the analyst would then score the performance or 
effectiveness of each alternative. 
C) Aggregate the plan scores into a single numerical value 
which represe~ts plan utility. 
The final step in the technique is to determine the partial 
utilities of each alternative for each criterion. Referring 
to Table 5-6, the partial utility of any alternative is the 
product of criterion weight (Column B) and the performance 
score (columns C, E, G & J). The summation of these partial 
utilities produces the total utility or worth of each 
alternative. From Table 5-6 it can be seen that Alternative 
3 has the highest total utility or worth. 
5.6.2. Capabilities And Limitations. 
Dealing first .with the method's good characteristics. Since 
the utility method is similar in structure to the relative 
rating method, it has in common certain good attributes that 
were noted in Section 5.5.4. These are the following; the 
utility method can accommodate multi-dimensional design 
criteria, it appraises the effectiveness of alternative plans 
and it caters for the fact that certain objectives and 
criterion can be given different weights to reflect their 
importance. In addition to these important attributes the 
following can be stated: 
(i) Like the relative rating technique, this method has 
been specifically developed to meet the problem of 
incommensurable criteria. The use of the ratio 
scale in the performance graph ensures that the axioms 
of measurement are obeyed and hence the measurement 
limitations of the ranking and rating techniques are 
avoided. 







































Cnange in venicle operating costs 
25 
Cnange in travel time 
Construction cost 
17 Maintenance cost 
Resident relocation cost 
Change in fatal accidents 
17 Change ·in injury accidents 




13 Fuel consumption 
12 Dis I oca ti on 
100 
No ta : 0 = B X C 
F = B X E 
H = B X G 
K = B X J 
• See Figure 5-9 for derivation 
TOTAL= 
Average criterion Nu 11 
weignt Alternative 
Points 
B c D 
14 50 700 
11 50 550 
Part i a I U:t i I i t y = 1250 
6 50 300 
6 50 300 
5 50 250 
Part i a I u ti I i ty = 850 
8 50 400 
5 50 250 
4 50 200 
Part i a I u ti I i ty ::: 850 
5 50 250 
5 50 * 250 
6 50 300 
Part i a I u ti I i ty = 800 
13 50 650 
12 50 600 
100 5000 
TABLE 5-6 UTILITY MATRIX 
(Source : Bax a 1 9 7 8, p 1 9) 
Alternative 
1 














































































(ii) The concept of performance graphs for non-
quantitative criteria formalises subjective value 
judgements in the whole evaluation process. This is a 
very important aspect that can enhance the attribute 
of replicability. 
(iii) The method is aggregate in concept and therefore 
endeavours to demonstrate to the decision-maker the 
overall effectiveness of plan alternatives. Table 
5-6 shows that the format of presentation also 
permits the decision-maker to inspect the partial 
utility trade-offs between alternatives for any of 
the study criteria. 










of reference for 
of plans, namely 
effectiveness, are 
This is also an 
The limiting aspects of the method centre on three issues. 
These are the derivation of the performance graphs, the 
requirement that decision-makers participate in the 
evaluation methodology and the high resources than can be 
required: 
(i) The determination of the maximum and minimum values of 
the utility scale on the performance graphs is 
problemmatic. The utility scale for qualitative 
criteria can only be determined subjectively. 
Similarly, the relationship between the utility 
scale and the performance variable is also open to 
subjective judgement. Although it is recognised 
that in any evaluation process there will be the 
subjective judgement component,it is felt that the 
performance graphs with · their annotated ratio 
scales, linear or non-linear functions can give an 
aura of output accuracy beyond the quality of 
information input. Perhaps, in fairness, this is 
more a danger to be avoided than a limitation. 
Nevertheless, the analyst must always be aware of the 
prescriptive elements of the method used. In 
some cases it may therefore be prudent to undertake 
a sensitivity analysis using different maximum and 
minimum limits, changing linear to nonlinear functions 
and vice versa, in order to determine their effect on 
the evaluation. However, to do this will be both 
time-consuming and laborious. 
(ii) The prescriptive and aggregate nature of this 
method requires effectively that the decision-
makers be part of the "evaluation team". This can be 
an advantage if the evaluation takes place in an open 
system. Section 3.8 showed that an evaluation 
dilemma can occur if the decision-maker elects to 
remain independent of the weighting and scoring 
aspects of the method. If this were the case, then the 
format and presentation of the technique would become 
more a decision document than an information document, 
limiting the effectiveness of the decision-makers 












ultimate selection. Thus, to avoid this limitation it 
is almost a prerequisite of this method that the 
decision-makers co-determine the relative weight and 
performance graph functions. 
(iii) The derivation of the utility functions would 
require a higher commitment of manpower and data 
resources than the simpler relative rating 
functions. For instance, it can be foreseen that a 
large portion of the data requirements for the non-
quanti tative performance graphs would be difficult to 
obtain. In addition, specialist skills may have to be 
imported into the study to derive the 
relationship of the utility function. The analyst 
should therefore ensure that the additional require-
ments of data, manpower, cost and time to derive the 
utility scoring functions would produce a cost 
effective increase in the quality of information for 
evaluation. 
(iv) The utility method, like the previous 
not take full account of equity 





a separate but 
The foregoing overview demonstrates that the utillty method 
is one of the more sophisticated techniques of evaluation 
studied in this thesis. Like the cost-effectiveness 
methodology, it is soundly structured around the two 
inter-related fundamentals of plan effectiveness and economic 
efficiency. The method has particularly good attributes with 
respect to the review criteria of comprehensiveness, 
weighting procedure, transformation measurement scales and 
replicability. The transfer of information on account of its 
matrix-aggregate format tends to be decision rather than 
information orientated. However, in mitigation, the 
disaggregate values of the individual criteria are also 
presented and the procedure for aggregation is clearly shown. 
The limitations of the method tend to be use-specific rather 
than general evaluation limitations. On account of the 
transformation scaling procedure using the ratio scale, it 
would be inappropriate to use the utility technique at the 
systernwide level of planning where the quality of information 
is often low. Similarly, the method loses some of its 
effectiveness as a method of evaluation in situations where 
decision-taking is carried out in a closed system. 
The structured approach to formalising subjective judgement 
performance graphs is an important and promising attribute of 
the methodology. However, the scoring of the so called 
"intangibles" will be difficult and complex. The manpower 
effort in time and money must also always be carefully 
weighed with the quality of information that these subjective 
functions produce. 












Thus, the attributes of the utility method suggest it should 
be used in high information situations, where social and 
environmental considerations are an important aspect to be 
weighted against economic criteria. It seems an appropriate 
technique to use at the localised level of planning for large 
public-capital projects such as urban freeways, airports, 
etc. 












5.7. Goals Achievement Matrix. 
One of the major drawbacks of most the evaluation methods 
discussed so far, is that the value of equity is usually not 
considered directly in the evaluation methodology. If it is 
considered, it is appraised in the form of a separate, 
supplementary evaluation. However, because equity 
considerations are an important aspect in transportation 
planning decisions, evaluation techniques have been developed 
which specifically take account of equity considerations. The 
two best known and most widely used procedures are the 
Goals-Achievement matrix · and the Planning Balance Sheet 
method. In spite of the differences between the two methods, 
they are fundamentally similar in concept and use. Since the 
Goals-Achievement Matrix is the more widely used procedure, 
and for reasons of brevity, only this methodology will be 
discussed in the thesis. 
5.7.1. Characteristics Of The Method. 
The Goals-Achievement Matrix (GAM) was developed by Professor 
Hill in the late 1960's (Hill 1967) and is very much an 
outgrowth of Professor Lichfield's Planning Balance Sheet 
method, developed in the early 1960's. (Lichfield, 1964 & 
Lichfield & Chapman, 1968). 
The GAM method of evaluation is an adapted form of 
cost-benefit analysis, where the evaluation has been 
broadened to include non-monetary, qualitative and intangible 
items. It will be recalled that one of the major criticisms 
of the cost-benefit analysis was its unitary and economic 
efficiency emphasis in evaluation. As a reaction against the 
emphasis of unitary values in the last 10-15 years, there has 
been a marked shift in transportation planning (in the United 
States and Britain) away from a unitary concept of society 
and the notion of a single public with one set of goals and 
objectives. This has moved towards the identification and 
categorisation of community or group objectives. Associated 
with this shift from unitary to community or sectorial 
values, has been the public participation in the planning 
process. 
The GAM therefore, reflects the above changes in 
transportation planning and attempts to provide an evaluation 
framework that will appraise plan alternatives according to 
the weighted objectives of affected groups, such as public 
agencies, community groups and major interest groups. As Hall 
comments, the methodology specifically recognises that 
different groups of the public may have different 
value-systems and may place quite different weights on 
different objectives. (Hall ,1974). The GAM methodology 
allows for this by disaggregating· (initially) it's analysis. 
The incidence of the favourable (benefits) and unfavourable 
(costs) consequences on each sector of the community are 
traced and identified. The benefits represent plan 
consequences that fulfil one of the agreed objectives while 












costs represent plan consequences that are contrary to the 
objectives •. A set of weights are applied to both the 
objectives and the interest groups in such a manner that the 
aggregated set of incidence weights applied to the objectivs 
can be considered as representing the communities conception 
of equity (Hill, 1968). 
A conceptual model of the Goals-Achievement Matrix is shown 
in Figure 5-10 and it's presentation format is shown in Table 
5-7. 
FIGURE 5-10 CONCEPTUAL MODEL OF. 
GOALS-ACHIEVEMENT MATRIX 
(Source : Schermer, 1975, p. 34) 
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TABLE 5-7 THE GOALS-ACHIEVEMENT MATRIX 
(Source : Hill, 1968, p. 23) 




Relative Costs Benefit Relative Costs Benefit Re I a ti ve Costs Benefit Re I at i ve Costs Benefit weight weight we I ght weight Incidence 
Group a 1 A D 5 E - 1 N 1 Q 
Group b 3 H 
} 
4 - R 2 - 2 s 
Group c 1 L J 3 - s 3 ) M - 1 v 
Group d 2 2 } - 4 - 2 -- K 1 T u 5 p 1 -Group e 1 -
---- --
E E E E 
The following points should be noted with respect to the 
above matrix: 
(i) Although the method is called the "Goals" 
Achievement Matrix, the goals used in the 
matrix are really objectives, since if the 
evaluation is to be meaningful, the goals must 
be defined in measurable terms (ie like 
objectives) rather than as abstract terms (ie 
like goals). The Greek letters a, Band y represent 
the study objectives and their relative importance 
to the study is shown by their relative weights. 
In a similar manner, the relative importance of the 
affected groups or communities can also be 
indicated. 
(ii) The letters A, B ...... represent the incidence of 
costs and benefits that will occur on the 
affected groups. A dash (-) indicates that for 
a particular group /objectives interaction there 
is no cost or benefit. 
(iii) The costs and benefits· may be defined in either 
monetary or quantitative units or qualitative 
states. However, for the same objective the costs 
and benefits must always be defined in the same 
units, ie either both money or both quantitative. 

















(iv) The brackets show that the cost-benefit associated 
with these groups can be combined where there is no 
differentiation of group impact. 
( v) For certain goals ( eg a. and y ) where it is 
possible to express plan performance in monetary 
units, the cost benefit accounts can be aggregated 
to give a grand total. However, for all other goals 
where costs and benefits are represented by 
different units, the overall goal achievement cannot 
be aggregated. 
{vi) Table 5-7 is the evaluation matrix that would 
be produced for each alternative plan that is to be 
appraised. The decision-maker would then have to 
compare the different matrices to determine the 
preferred alternative. 
In it's original form, Hill's Goal-Achievement Matrix was 
presented to the decision-maker in the disaggregate format 
shown in Table 5-7 (Hill, 1967a). This format of presentation 
facilitated the evaluation phase but made the selection and 
decision-making phase most demanding. Although Hill appears 
to have recognised that his original matrix format presented 
the decision-maker with a "task of undoubted complexity", his 
later paper (Hill, 1968a) suggested the use of transformation 
scoring functions to overcome the problem of disaggregation. 
The Goal-Achievement Matrix has therefore generally been 
applied in two stages in practice. The first stage is shown 
conceptually in Figure 5-10 and the presentation format in 
Table 5-7. The emphasis in this phase is that group 
incidence/objective achievement is identified and measured 
using the highest order measurement scales practicable. Thus 
the initial evaluation presentation is disaggregate in nature 
resulting in difficult decision-making. The second stage of 
evaluation usually utilises some form of ranking or rating 
indices to allow the analyst to arithmetically apply the 
system of weights so that aggregation of the 
Goals-Achievement account can be carried out. The 
introduction of transformation functions and a numerical set 
of weights, as was shown in Section 4.3.2, ensures that a 
unique plan score can be determined which greatly simplifies 
the selection process. The "Newark Planning Balance Sheet" is 
a typical example of the second and final stage of the 
Goals-Achievement method as used in practice (see Table 5-8). 
In this particular example which involved the evaluation of 
eight alternative program packages and a "no project" option 
against 13 distinct interest groups, the simplification of 
the evaluation by the introduction of a common numerical 
rating scale was most desirable. The group weight was 
determined by the financing authority which reflected their 
view of the relative importance of each affected group in 
relation to the project. The allocation of the group score 
was undertaken by each interest group, once they had 
determined their sectorial objectives. 












In the first stage of the evaluation, the relative degree of 
objective fulfilment was determined using the most precise 
measurement scales possible. Table 5-8 illustrates the 
second stage of the evaluation matrix where the disaggregate 
presentation is transformed to a common rating scale of 1 to 
10. The total value scores represent the community group 
preferences, with the highest score representing the most 
desirable alternatives. Table 5-8 illustrates the planning 
balance sheet for only three interest groups against three 
alternative program packages. It can be seen that -in this 
example, alternative 1 is preferred for each of the interest 
groups shown. 
5.7.2. Capabilities And Limitations. 
It will be noted that the Goals Achievement Matrix is similar 
in character' to the rating and utility method of appraisal. 
The main characteristic difference is the emphasis on 
equity/incidence considerations and community involvement in 
the evaluation process. The principal advantages associated 
with this method are summarised below. 
{i) Conceptually, the goals achievement matrix provides a 
comprehensive and systematic framework for evaluation 
and as its name implies it is a goal orientated 
method. Unlike the other methods reviewed in this 
thesis however, the goals and objectives selected in 
GAM reflect individualistic or sectorial values rather 
than unitary values. It follows that for projects 
which have a high localised impact, compared with 
their systemwide consequences, it can be foreseen that 
this method will be a highly effective method of 
evaluation. 
{ii) The method's approach to evaluation, from the 
perspective of community interests, ensures that the 
fundamental value of equity is adequately considered. 
Affected community groups are identified and the 
inter-relationship between project consequences and 
group objectives are examined and appraised. Thus 
the incidence and relative impact of the project 
consequences with respect to the various groups will be 
made apparent to the decision-maker. 
{iii) The treatment of incommensurable criteria are 
handled in two stages in the evaluation process. In 
the first stage, each objective or criteria is 
measured on the highest order measurement scale. 
This has the advantages _ that the evaluation is 
relatively free of any subjective judgements and the 
information format is disaggregate in nature. The 
second stage, the introduction of a common 
transformation scale, has the advantage that the 
information format can now be aggregated and the 
system of group/objective weights can be applied. 












TABLE 5-8 EXCERPT FROM NEWARK PLANNING BALANCE SHEET 




I NT ER EST GROUPS 
Package I (Buses in Program 
Weight (Light ra i I exclusive lanes Package 111 
AND OBJECTIVES underfround ~a r ti l in a (No transit 
WI h unne 
1
with extension 
considerable I imi ed I imi ted 
redevelopment) redevel~prpe~t) redevelopment) 
RANK VALUE RANK VALUE RANK VALUE 
HOUSING DEVELOPMENT AND 
REHABILITATION CORPORATION 
A. Upgrade corridor 
6 18 4 12 4 12 · through redevelopment 3 
B. Obtain minimum 
9 10 30 community disruption 3 8 24 3 
C. Insure satifactory corn-
pensation and relocation 2 1 0 
D. Reduce traffic 
20 10 20 10 20 
congestion 1 9 9 1 1 0 0 
E. Integrate transit 
fa c i I ty w i th p r op o s e d 
9 9 6 6 2 2 developments 1 ---------- -- ,..._ - - -- ,__ _____ -- ---Group total 10 so· 54 64 
TRANSPORT OF NEW JERSEY 
A.Improve accessibility 5 6 30 1 35 3 15 
B.lmprov~ travel 
3 5 15 1 21 8 24 convenience 
C.Reduce congestion 2 9 18 1 14 B 16 
D.lncrease travel safety 2 9 18 5 10 0 0 
E.lmprove passenger 
6 6 5 5 4 4 comfort 1 
FJmplement transit 
program in context of 
a total regional 
transportation im-
1 8 B B B B B grovement program 
G.lmplement program in 
a speedy co-ordinated 
fashion 1 1 1 6 6 5 5 ---------- - - - ,_ - ---- ----- ---Grouo total 15 102 99 72 
SPRINGFIELD AVENUE 
MERCHANT'S ASSOCIATION 
A. lmprov~ travel 
4 5 20 1 28 B 32 convenience 
B. Strengthen corridor 
20 business 4 6 24 5 20 5 
c. Upgrade corridor 
4 12 through fedevelopment 3 6 1 B 4 12 
D. Improve accessibility 3 6 1 B 1 21 3 9 
E. Provide adequate com~ 
pensation and relocation 2 10 20 10 20 I 0 20 F. Improve empto~ment 
situation 1n ewark 2 B 16 6 12 6 12 
G. Strengthen ~uni ic 
economy of ewark 1 6 6 5 5 0 0 
H. Insure political 
commitment to.project I 1 1 1 7 0 0 
--------- -- -- - -- i----- -- - - -- ---
Group to ta I 20 129 125 105 












(iv) The evaluation methodology operates at the localised 
level of planning and has been structured to allow a 
meaningful level of community participation in the 
planning process. At a time when it is generally 
held that there should be some form of community 
involvement in the transportation process, this 
property of GAM is advantageous. 
Now the limiting aspects of the method are considered: 
(i) The principal limitation of the GAM is that it is 
both complex, expensive and time consuming. First, 
each evaluation matrix will require inputs from a 
minimum of five or six community groups which will 
require many meetings with the planners. Further, 
the fulfilment of each community objective will 
have to be analysed and measured by the planning 
team for each alternative considered. 
(ii) Following from the above limitations is the poor 
attribute that in practice the method has to be 
evaluated in two stages. The first evaluation stage is 
carried out in natural units and the evaluation 
matrix would in most cases be disaggregate in 
nature. This format of presentation makes the 
decision-ma~ing stage very difficult causing the 
system of goals and community weights to be 
ineffectively applied. Thus, for an effective 
decision, some form of transformation scaling 
procedure has to be used. The type of scoring 
function that is normally used is either a simple 
ranking or a cardinal rating scale. (Lichfield and 
Chapman, 1968 and Schermer, 1974). Section 4.4.3 
demonstrated that both these measurement scales have 
definite evaluation shortcomings. 
(iii) Barrell and Hills (1972b) have criticised the method's 
characteristic of double counting benefits or losses. 
Double counting is difficult to avoid in the GAM 
method on account of two related problems. Firstly, in 
practice, the classification of groups within the 
affected community may not always neatly coincide. 
with the incidence of gains or losses upon those 
groups. Some individuals, for example, may be 
represented in more than one group. Secondly, group 
objectives often overlap, eg objectives A and C-
under the group "Transport of New Jersey" in 
Table 5-8 appears to be a typical example. 
(iv) The method's community participation linkage does 
require a high level of community involvement which 
can be problemmatic. Schermer reports that some 
community representatives have become confused and 
intimidated when attempting to distinguish between 
·tangible benefits, intangible benefits, tangible 
costs, intangible costs, ratings, values, objective 
weights, etc. (Schermer, 1975a). In addition when 
evaluating projects that are controversial or 
unpopular, it may be difficult to obtain the 
co-operation of the affected groups in the 











evaluation process. Therefore, in cases 




of GAM method may be an inappropriate method 
evaluation. 
(v) The South African approach to decision-making in 
planning is generally strongly authoritarian and 
reasons for decisions are not normally given. 
(Fuggle, 1980). Decision-taking is consequently taken 
in a closed system with little opportunity for 
debate between the planning team, the general public 
and the decision-makers. In a national context, 
this method assumes a higher level of public 
participation than is normally practised. From the 
public's standpoint, this can give rise to the 
shortcomings mentioned in (iv) above. From the 
decison-makers standpoint, the method requires a 
commitment to a more open system of evaluation and 
decision-taking. 
(vi) Although not strictly a limitation of the 
(vii) 
methodology, there is the problem of the allocation of 
community group weights. If the procedure is 
perceived primarily as an "equitable" decisionmaking 
tool, then the financing authority would probably 
assume the responsibility for the assignment of 
weights. However, if the procedure is considered as a 
process of involving the affected communities in the 
evaluation process then the responsilbilty for 
assigning weights should be undertaken by the groups 
themselves. Schermer (1975b) suggests two methods of 
obtaining priority weights, both using the Delphi 
technique. The first option is for the affected 
groups to select an inter-group committee for 
allocating group weights. The second is for each 
group to allocate all the group weights and then to 
determine an average composite group weight which 
would then be used in the evaluation. Lichfield et al 
(1975) and Hill (1968b) take the view that determining 
group weights is an ethical judgement and in a 
democratic system of government, this responsibility 
should rest with the appropriate elected 
representatives. Regardless· of who determines the 
group weights, their relative values must be 
determined before evaluation. This aspect of "a 
priori" weighting can present evaluation problems 
and in practice equity weights may need to be 
revised in the light of the subsequent 
evaluation. It will be appreciated that to determine 
equity weights by any of the above approaches will 
be a complex and time consuming task, doubly so if 
equity weights must be formulated before and after 
evaluation. 
The las_t point, like the one above, is again not 
strictly a limitation of the actual procedure but 
rather a problem that is a product of the divergent 
value system in which transportation planning 
operates. Most transportation evaluation in the 
Republic currently tends to be unitary value 












orientated. The GAM method is sectorial value 
orientated leading to criticism of this technique as 
not giving enough emphasis (weight) to the actual 
construction and operating costs of alternative plans 
in the evaluation. In Britain and the Uriited States 
where GAM has been widely used in transportation 
decisions, the financial appraisal has been 
presented as a separate or supplementary evaluation 
to GAM. The decision-maker then has the problem of 
assigning a relative weight to the financial appraisal 
as compared with the community weightings. 
5.7.3. Closure. 
In Section 4.3.1 the notion was put forward that to evaluate 
plans effectively a comprehensive value framework is 
required. In most of the evaluation methods reviewed so far, 
the value of equity has received only secondary 
consideration. The principal merit of the Goals-Achievement 
Matrix method is therefore that it identifies and evaluates 
the advantages and disadvantages of alternative plans for the 
different groups in the population. As a result, the 
principal values, efficiency, equity and amenity can all be 
represented in the methodology, giving it good 
characteristics of comprehensiveness. In addition the 
methodology emphasises goal identification and goal 
achievement for the community as a whole and for the groups 
within it. 
Considerable attention has been given to the structuring of 
value judgements into the methodology. It has the good 
attribute in that the decision maker has to make explicit 
judgements about the importance or worth of different 
community groups while the community groups can make value 
judgements about the importance or worth of the study 
objectives. Therefore, the potential for analytical bias from 
the professional evaluators (the planning team) is very 
small, since all of the major value-assumptions are not their 
responsibility. 
It can be seen from the disaggregate format (Table 5-7) 
presented to the decision-maker that the method is 
information rather than decision orientated. The method 
unfortunately does not appear to have resolved the paradoxial 
problems that exist between complexity of decisions with a 
disaggregate format and a system of weights that cannot be 
effectively applied unless the evaluation format is 
aggregated via a common metric. On account of this-conflict, 
in practice the methodology is carried out in two phases 
which means the method demands high resource requirements, 
particularly in manpower, time and money. 
The method's community participation linkages have been 
formulated to enable the consideration of fairness and 
justice to enter into the evaluation. However, guiding and 
determining community objectives and their relative weight 
for each interest group is a complex and challenging task. 
Although the aim of each evaluation process is ideally to 












achieve consensus, this approach in practice may in some 
instances, expose group polarisation which in turn can lead 
to an evaluation stalemate. It can be argued that the method 
has only exposed disparties that would (and should) have 
become evident in any event. The method does however, require 
a high level of community co-operation and if this is not 
evident then this procedure would be unsuitable and should 
not be used. 
The method has been specifically designed for localised 
planning situations where sectorial objectives are perceived 
to have greater weight than systemwide or unitary objectives. 
In practice, it has been used more widely in urban and 
regional planning situations than transportation planning, 
(Hall, 1974a) since the unitary approach to transportation 
planning tends to be prevalent. 
In summary, the relative strengths with respect to the review 
of the criterion method are; its comprehensiveness, value 
framework, treatment of incommensurable criteria and little 
or no analyst bias. The relative weaknesses are; the 
complexity of the method, high resource requirements and the 
the low order of transformation scales used prior to 
application of the relative weights. 












5.8. Supplementary Evaluation Procedures. 
It will be noted from the foregoing review that each 
evaluation methodology has some major limitation which 
inhibits an holistic evaluation. For instance, with the 
exception of the goals-achievement matrix, all the other 
evaluation techniques did not take into full account equity 
considerations. This section therefore describes certain 
"supplementary evaluation" procedures that may be 
incorporated into the total evaluation process to make-up for 
the deficiency in any particular evaluation technique. These 
procedures can further be used to interpret, test and refine 
the tentative choice(s) from the general evaluation stage. 
Their purpose is to demonstrate to the decision-maker (and 
the analyst) the robustness (or weakness) of the tentative 
choice and thus help establish a level of confidence in the 
plan ultimately chosen. 
The supplementary evaluation procedures are thus really a 
form of iteration with the purpose of improving the quality 
of the evaluation phase and consequently the final decision. 
Beimborn (1976) suggests that it is important that a 
distinction be made between the tentative choice and the 
final choice, so that the supplementary evaluation phase 
allows the analyst the real option of changing the tentative 
choice. 
It is suggested that the interpretive phase should include 
the following supplementary evaluation activities, though not 







5.8.1. Marginal Analysis. 
In the general evaluation of alternative plans, most criteria 
of plan performance are absolute measures, ie total 
construction cost, total capacity etc. Absolute measures are 
especially useful in the early stages of evaluation when 
comparing a large number of alternatives but marginal 
measures become increasingly valuable as the number of 
alternatives are reduced. 
It is imperative for an evaluation to be comprehensive and 
that both absolute and marginal measures be used. 
Marginal analysis is used to examine the differences in scale 
between the tentative choice and the second or third best 
alternatives. Beimborn suggests that marginal analysis can 
demonstrate to the decision-maker that the differences 
between the best and second-best alternatives are 
significantly large enough that they are not within the range 
of differences that might be expected from the data and 
procedures used. 












Thus in the analysis, the marginal gain of the best plan over 
the second-best plan is examined. The following hypothetical 
example (Skinner and Deen, 1978a) illustrates the analysis. 
TABLE 5-9 : MARGINAL ANALYSIS-COMPARISONS OF COSTS PER 
PASSENGER-MILE. 
Nul I Measure Alternative 1 A I te mat i ve 2 A I ternat i ve 
Annua I tota I cost, in 
thousands of dollars 102 49,5 30 
Daily passenger-miles in 
thousands of doJlars 600 300 200 
Absolute cost per passenger-
·mi le 0, 170 0, 165 0, 150 
Marginal cost per marginal .. 
passenger-mile (compared 0, 180 o·.195 Base ' 
to null) 
Marginal cost per marginal 
passenger-mi le 0,175 Base -
(Compared to Alt.2) 
In terms of the absolute measure, cost per passenger-mile, 
the null alternative is the best alternative with alternative 
2 the next best and alternative 1 the worst. When the analyst 
compares the marginal costs of alternatives 1 and 2 over the 
null alternative (ie the best plan), the following is 
apparent. Alternative 1 now appears better than alternative 
2; this reversal in order is because of difference in scale 
between alternatives 1 and 2. This does not mean that 
alternative No 1 is preferred over alternative 2 but it does 
provide additional information on the differences between 
alternatives to the analyst. 
5.8.2. Contingency Analysis. 
In the evaluation of most transportation plans, many 
assumptions with regard to traffic forecasts, regional 
characteristics etc, have to be made. One of the major 
lessons transportation planners should have learnt is that 
one must demonstrate that the recommended alternative will 
still be right, even if one is not sure of the precise 
forecasted values ie it must ·be demonstrated that the 
chosen alternative has performance attributes of robustness 
and flexibility. 












In order to take proper account in the planning process of 
the uncertainty of the future, there has been a move away 
from evaluating a set of alternative plans against a unique 
future, by applying a contingency analysis (Schafer and 
Stopher, 1979). 
Beimborn (1976a) defines a contingency as an event whose 
occurrence is possible but not probable. Thus in a 
contingency analysis, the assumptions that were initially 
made are modified and different values of the variables are 
then assumed. The consequences of the variations on the 
resultant evaluation are then examined. If the results of the 
analysis show the tentative choice to be very sensitive to 
certain assumptions, then either the assumptions must be 
soundly motivated or the sensitivity of the evaluation to the 
assumed values must be indicated and emphasised. A 
contingency analysis ensures that the decision-maker is 
explicitly aware of the uncertainty associated with certain 
parameters. A diagram to illustrate the sensitivity of the 
evaluation to change in certain parameters is often worth a 
thousand words of explanation. A typical presentation of 
contingency analysis is Figure 5-11. 
5S IH 
ALTERNATIVE A .· -.-·-.-·.-._-,_,· •. ·.·· .......... -· ·- .:_. .-c,.· ·,., 
5S IDS 
ALTERNATIVE B I· . .- · ··.·O..· -- J.~ •• ,--- 'I 
5S tH 
ALTERNATIVE C _ 
5S 1 OS 
ALTERNATIVE D 
t o .. ~ .,. ... ..,,.o .. -.-<'. . _· ... ;:-f 
1.2 1.3 '·' 1.s 1.& 1.1 1.e 1.e 2.0 2. 1 2 ,2 
Net pzesent Y1lu1 
(R •I I lion) 
FIGURE 5-11 : DIAGRAM SHOWING THE VARIATION OF NET PRESENT 
VALUE FOR DIFFERENT TRAFFIC GROWTH FACTORS - 5% AND 10% 
The scope and scale of contingency analysis in the evaluation 
phase can vary significantly, depending primarily on the 
design horizon and the hierarchy of planning that is under 
study. At the systemwide or regional level of planning where 
the design horizon is long, the contingency analysis may take 
the form of generating scenarios thereby, forming a major 
part of the evaluation phase. Royce (1978) suggests certain 
guidelines for the scenario approach to long term 
transportation planning. The following general factors, which 
may be appropriate for the generation of alternative 












scenarios, show the magnitude and scope a contingency 










Changes in population in an urban area 
Changes in employment in an urban area 
Variation in the quantity of goods to be moved 
General level of prosperity 
Price and availability of fuel for personal transport 
Money available for investment in transport . 
Government policy, re: transport, energy, land-use 
Technology changes 
Economic structure of a region. 
At the project or localised planning level where the design 
horizon is not so distant, the contingency analysis may take 
the form of a sensitivity analysis which tests the better 
alternatives for robustness and flexibility under a limited 
number of different contingent situations. Typically, the 
analyst would examine the implications on the final selection 
of parameters that are normally difficult to forecast with 
accuracy or certainty eg traffic growth, modal share, etc. 
Although the scope and form of the contingency analysis may 
vary, depending on the level of planning and the nature of 
the project, its purpose is always to demonstrate the effect 
of uncertainty to the decision-maker so that a rational and 
informed decision may be made. In the final analysis, this 
requires those rare qualities of mature judgement and 
experience on the part of both the analyst and the 
decision-maker. 
5.8.3. Equity Analysis. 
Barrell and Hills (1972c) have stated that equity, as well as 
economic efficiency, must be regarded as an essential 
criterion of evaluating alternative transportation plans 
otherwise incorrect decisions with undesirable social 
consequences will be made. 
The concept of equity relates to the notion of fairness or 
equal treatment. It is concerned with identifying and 
measuring the impact and incidence of costs and benefits 
resulting from the alternative proposals on the various 
sectors of the public. Equity considerations are particularly 
relevant in transportation planning, since the consequences 
of most proposals are not uniformly distributed amongst all 
sections of the public. There are usually the beneficiaries 
and the losers. Often in a highway planning context the 
losers may be geographically, concentrated, whilst the 
beneficiaries may be dispersed and receive a relatively large 
number of small gains. 
In the traditional highway cost-benefit evaluation, 
equity/incidence problems were not explicitly appraised. This 
was primarily because the study boundaries were too narrowly 
drawn examining only the incidence of the road-user 
orientated costs and benefits (ie the gainers). The impact 
and incidence of consequences on the non road-user (ie often 












the losers) were considered external to the evaluation and 
were not considered. Equity considerations nevertheless 
became very important when the external effects of a project 
compared significantly with the internal effects. Barrell and 




Government capital projects, eg urban freeways, town 
bypasses, new airport. 
Where group wants are catered for, eg the provision of 
bikeways through private properties, central city 
pedestrianisation schemes. 
Projects that have a re-distributional effects as 
built-in objectives, eg to reduce rural 
unemployment by adopting labour intensive 
construction techniques. 
In order to analyse the incidence of the favourable and 
unfavourable consequences, it is first necessary to establish 
the criterion or basis for grouping the differe t sectors of 
the affected public (Allen, 1976). Common groupings are~ 
income group, race, location, facility user, property owner 
etc. Having established the affected groups, the next task is 
to estimate the gains and losses to the various groups. This 
is often a difficult task, regardless of the evaluation 
procedure used, since the social and environmental aspects 
are often qualitative in nature. For instance, how does one 
quantify or compensate a loss of amenity (increased traffic 
noise) or a change in accessibility (major road relocation)? 
Although equity considerations are usually analysed by 
grouping individuals into common activity groups, this very 
group classification can sometimes cause difficulties in 
evaluation. For example, there is often the complication of 
certain individuals being represented in more than one 
activity group, eg the property owner who lives adjacent to a 
new road and experiences a loss of amenity - a beautiful view 
but at the same time will use the new road and benefit from 
the increased accessibility. Thus, in certain cases, the 
group classification may not demonstrate the extent of the 
people's net losses or gains. 
From the· foregoing comments it can be seen that the emphasis 
and form the equity analysis can take in the evaluation phase 
can vary enormously. The analyst must therefore excercise 
considerable judgement as to which form the equity analysis 
should take. This assessment should be done in the early part 
of the planning process (ie stages 1 and 2 in Figures 3-2 and 
3-3), when the analyst judges the likely importance of the 
equity/incidence problem for the particular project under 
study. Thus having assessed its importance relative to the 
economic and effectiveness aspects, the appropriate 
evaluation technique can be selected. 
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6. SUMMARY AND CONCLUSIONS. 
6.1. A Synoptic Assessment 
The most fundamental (and perhaps obvious) conclusion from 
the foregoing review of the different methodologies of 
evaluation, is that no technique can do everything. The 
review criteria demonstrate without exception that each 
method has its relative strengths and weaknesses. 
In studying the different evaluation techniques it was 
interesting to note that the rationale behind the development 
of each technique was to overcome certain weaknesses of the 
other techniques. The "designer" of each evaluation technique 
would expound the virtues of his technique, endeavouring to 
demonstrate it's ability to handle the many diverse factors. 
Hudson (1979) makes the incisive comments that many of the 
subtle differences between techniques are a matter of 
labelling and packaging. The differences are often over 
emphasised to achieve what the retail market calls "product 
differentiation", something that will help sell the 
particular technique each "designer" is trying to offer. 
Perhaps this is only to be expected since the emphasis of no 
method is strictly neutral, each having a characteristic bias 
towards one or other of the review criteria. It is therefore 
difficult to mantain a sense of balance and perspective when 
undertaking a thesis of this nature, for so many of the 
fundamental parameters in transportation planning are in 
conflict, causing many evaluation dilemmas. 
In spite of the foregoing comments Table 6-1 attempts to 
summarise the performance of the six evaluation methodologies 
against the review criteria drawn up in Section 5.1. Table 
6-2 summarises the overall pattern of emphasis and neglect of 
each method found in the comparative review. In the opinion 
of the author it will be noted that not one method has 
obviously superior overall characteristics compared with the 
others perhaps with the exception of the ranking matrix 
which has poor overall characteristics of evaluation in 
general. 
In the planning of transportation infrastructure with their 
high capital investment, the cost-benefit method of 
evaluation has tended to dominate the "evaluation scene". 
Further, it is interesting to note that it is the 
cost-benefit methodology that is the point of departure for 
most of the other evaluation techniques which either 
represent a modification of COBA or a reaction against it. In 
the opinion of the the author, it is the methodologies that 
have modified the cost-benefit approach, particularly the 
cost-effectiveness and utility techniques that are the more 
robust techniques. This is opposed to those that have 
rejected this approach, namely the ranking and rating 
matrices. Robustness, in this context, refers to the scope of 
problems they can address and the diversity of evaluative 
criteria they can effectively accommodate. 












However, each methodology has serious blind spots which, in 
the opinion of the author, can only be eliminated by parallel 
or supplementary evaluation. This thesis therefore advocates 
that for an evaluation to be comprehensive, complex 
transportation problems should be evaluated in two stages. 
The primary evaluation is to be undertaken with the "best 
overall" methodology, followed with a supplementary 
evaluation augmenting any deficiency in the former. 























































































































































































































































































































































































































TABLE 6-2: ·A SUMMARY OF THE PRINCIPLE CHARACTERISTfCS OF THE SIX EYALUAilON TECHNIQUES 
(UlUITIOM 
TECHNIQUE 
COST - BENEf IT 
llETHOD 













• leasures plans a1ainst ths i"portanl ulut of 1canat1ic 
1fflclencr 
• CDl!pultr pra1nmss aid nalualian in bl&h information 
situations. 
• Resource tff i ci ent 
• lldelr used and nll known 
• Can bt applied to any nieurc~r of planntn1 
•Coal - orientated oielhodoloa 
• lleasures plans a1ainsl the criteria of economic 11ficl~"CJ 
and 1ffecti1eness 
•Can accor..aodate diwer1ent nlue syste• 
• fluibh information formal 
• lesourct efficient 
• lnalrst"s subjectin ulue judcements nll controlled 
• Can bt applied lo anr ~ei ruchJ of plannine 
•CIR accol!llodate multi-dimensional criteria 
•Simple and quick to use 
•Can acco,,.,,odale 1 cenenl Hii11tin1t .syste• (but breaks rules 
of nu~bers) 
• Coa I - or i en la led me lho~o I on 
•Can accoModate 1 1eneral 11i1hlin1 syste11 
•Simple technique to use and resource efficient 
•Can be applied to any hierarchy of plannln& 
I 
•Coal - orientated mei~odoloa 
•Measures plans against Iha criteria of econo11ic efllciencr 
and effectheness 
•Can accommodate 1 1enenl reichtin& system 
•Plan perforNnce based on the hl&hest measurement scale 
•Analyst's subjecliu ulue jud1ements rell conlroll!d 
•Goal - orientate~ melhodolon 
•Insures plans Ir•• lht perspectlu of community Interests 
•Stron1 comunlty partlcip1tlon. llnh11.es 
•ha sta11 1nluatlon, first dhuure11te format, ncond 
aure11t1 for!lllt 
•Analyst's subfecllu jud11em•nt1 t11l controlled 
llAJ OR IEUNE.>S 
• lnh111nt 1con001ic bias 
• Socio - en•lron~enUI and equilJ !actors considered in a separate 
supplemenUrJ naluation · 
• Anre1ate presentation masks l11d1 - alls and su~jectifl 
tleme.nls 
··Wot amenable lo naluatin1 conflictin1 coals and ttade - offs 
• Ohaurecate presentations in ~i&h lnfor~ation situations 
ates ~eels Ion '"' di Iii cull 
• Rot ar.enable lo ' 1eneul 11i1ht.in1. SJlles 
•Ytrr couse method of enfu!lion 
•Lo11 ordinal scale used to ~easure plan perlormance 
•II principles ol measu;eJaent are to be ohered, not a~enaDle 
to anr 11ilhcielic manipulation 
•Plan performance ba~ed on the relative Oline.seal! 
• lurecate presentation masks trade-offs and subjecli•e elements 
•Equity !actors considered in a separate supplementary 
nalualion 
•1011 decision document than inlorma:ion document 
•Requires lar1e resources of manpower and time, p31ticularly 
to dnelop perlormance 111phs 
•llcra decision document than inlormatton document 
•UnlJ suitable· at th• localised Intl ol plannin2 
•EquitJ laclors considered In 1 separate supplementary enfoation 
• latho~ Is cocple1 and requires hi&h resources of •.an~o•er 
and t lme 
•Low rail"& scale used to •~asun plan pufcir~ance, prior lo 
Hl&htin& 
• W•J requl n 1 upa ra le supple~enlary econ1>1ic ,;, lua t ! on 
•Only sui11~l1 al the locJllsed Joel of p:1rnin1 
• hnaer ol dJub I e countl ne :as ts 1nd b1r.eli IS 












6.2. Some Paradoxes Of Evaluation. 
The foregoing section has shown that each method has it's 
strengths and weaknesses. Why is it that no method has been 
designed to evaluate transportation problems comprehensively 
and holistically? The primary reason, in the opinion of the 
author, lies in the divergent nature of planning where there 
are fundamental paradoxical requirements that run through the 
whole planning process. These conflicts which interface on 
the evaluation phase, effectively neutralise any one method 
from being totally effective. This section will thus draw 
together some of these contradictory requirements. 
6.2.1. Systems Analysis In Evaluation. 
The basic principles of analysis and synthesis were 
demonstrated and the virtues of using a systems analysis 
approach to the evaluation element were summarised in Section 





The complementary and yet conflicting requirements of 
analysis and synthesis. Analysis, the break-down of the 
problem by the technique of classification or categor-
ization into its component f.unctions. Synthesis, the re-
arrangement and building-up of the component parts to 
create alternative plans for evaluation. 
Figure 2-1 demonstrated that associated with the 
processes of analysis and synthesis is the process of 
iteration. The purpose of iteration is to improve the 
quality of information put forward to the decision-maker 
(Figure 1-2). It is important that each iteration uses 
better quality input information, models, designs and 
evaluation criteria. At the same time a balance should 
be kept between the quality of information and the 
hierarchical level of evaluation. 
One of the central activities of systems analysis was the 
development of a model of the system under study. Each 
evaluation technique that has been studied is in fact a 
model. Each designer has developed his evaluation model 
to depict the reality of evaluation as he sees it. It can 
be seen that the cost effectiveness and to some extent 
goals-achievement methods of evaluation could be 
categorised as descriptive models - since they attempt to 
present information free of the analyst's value 
judgements. The other methods: cost-benefit, rating and 
utility matrices are more prescriptive in nature 
since they are given a value of worth or utility for 
each alternative. 
The categorisation of the evaluation into descriptive 
and prescriptive natures (although not exact) does 
demonstrate another evaluation dilemma: objective and 
subjective judgements. The descriptive evaluation 
models attempt to present only objective information 












leaving subjective judgement of weightings and relative 
worth to the decision-maker. On the other hand, 
prescriptive models incorporate objective and 
subjective sub-models into their evaluation matrix. 
This may simplify the decision-making process but means 
the evaluation will contain the analyst's subjective 
judgements which may or may not be explicitly apparent. 
Chapter 5 showed that both approaches have their merit 
and therein lies the dilemma. 
6.2.2. Evaluation Linkages In The Planning Process. 
Chapter 3 attempted to trace some of these pivotal evaluation 
linkages with the other activities in the planning process. 
It was shown that if these linkages were ignored, dialectical 
tensions can unnecessarily restrict the efficiency of plan 
evaluation and thus reduce the effectiveness of evaluation as 




general evaluation dilemmas were apparent and 
in each particular evaluation methodology 
* The need to utilise the linkage between the data 
collection and-analysis phase, in order to avoid internal 
evaluation inconsistencies. 
* The fundamental dilemma between constraints and 
objectives. The purpose of the study constraints is to 
bound the problem and to imbibe a measure of resource 
effectiveness into the analysis and evaluation elements. 
Whilst the purpose of the study objectives is to 
guide the synthesis of alternative designs and to 
lead to criteria for evaluating those designs. The 
criteria of feasibility and relevancy are 
contradictory concepts that should be used to 
ensure that the study constraints and objectives are 
in reciprocal balance. 
* The reciprocal balance of constraints and objectives 
are used to check the alternative plans for internal 
and external consistency. External consistency is 
checked by applying the criteria of feasibility to 
ensure that all the alternatives generated comply 
with study constraints prior to evaluation. Internal 
consistency is checked by applying the criteria of 
relevancy to ensure the alternative plans meet the 
study objectives prior to evaluation. These 
inter-relationships are shown in conceptual form in 
Figure 6-1. 
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FIGURE 6-1 CONCEPTUAL MODEL SHOWING THE 
RELATIONSHIP BETWEEN CONSTRAINTS AND OBJECTIVES. 
6-7 
* An evaluation dilemma can exist when evaluation and 
decision-taking elements are carried out in a closed 
system. In this situation there is the hazard that the 
evaluation criteria and decision criteria may.reflect in 
emphasis two different value frameworks resulting in the 
planning team recommending one alternative and the 
decision-makers se·lecting an entirely different 
alternative plan. 
6.2.3. Value Framework In Evaluation. 
A comprehensive value framework is a fundamental requirement 
before any effective evaluation can be undertaken. Section 
4.3.1 put forward three fundamental values that s~ould be 
accommodated in any evaluation methodology. These _values were 
the values of economic efficiency, equity and environmental 
amenity. It was suggested that around these three values, the 
goals, objectives, evaluation criteria should be structured. 
(However, it should be added that because of the broad nature 
of transportation problems, these three values will not 
always be exclusively relevant). 
Chapter 5 has demonstrated that not one of the evaluation 
techniques can effectively incorporate such a broad value 
framework into its rationale. This is due to the dive~gent 
and intertwined nature of transportation planning and relates 
to, inter alia : complementary and conflicting requirements 
of the values themselves, hierarchical levels of planning, 
spatial ~nd temporal considerations and the 












incommensurability of evaluation criteria. Table 6-1 shows in 
a simplistic graphical display the individual value emphasis 
or neglect that is apparent in each evaluation methodology. 
Table 6-1 shows that the cost-benefit, cost-effectiveness and 
utility analysis models have an emphasis or bias towards the 
unitary value of economic efficiency. Conversely, the 
goals-achievement matrix, being disaggregate value in 
concept, focuses on equity considerations. 
6.2.4. Hierarchical Levels Of Evaluation. 
On account of the diverse nature and the different time 
horizons that are present in transportation planning, the 
evaluation of alternatives is undertaken at two different 
levels of analysis. The purpose of a multi-level approach to 
evaluation is that it is an efficient method of searching out 
(from a broad base) good alternatives and corresponds to 
first doing a preliminary or exploratory design and then a 
detailed final design. 
Section 4.2 showed that the scope of evaluation varied from 
the high-level systemwide or network planning down to the 
localised or project planning levels. The farmer's 
information being characterised by approximate or gross 
parameters and higher· level of uncertainty, whilst the 
latter's information ·was more precise and associated with a 
lower level of uncertainty. The relationship between these 
two levels of evaluation is shown in Figure 6-2. It is 
obviously important that accuracy and quality of information 
presented for evaluation is in balance with the level of 
planning. 
Systemwide level of Planning 
Broad focus 
long Time Horiion 
Higher Uncertaint1 
localised Level of Planning 
Narrow Focus 
Short time Horizon 
lower Uncertainty 
FIGURE 6-2 CONCEPTUAL MODEL SHOWING THE 
RELATIONSHIP BETWEEN THE DIFfERENT 
LEVELS OF TRANSPORTATION PLANNING. 












6.2.5. Measurement In Evaluation. 
Section 4.4 discussed the various dilemmas associated with 
the measurement of plan performance for eventual evaluation. 
The central evaluation dilemma that was identified was the 
incommensurability of measurement units and scales. 
Associated with this dilemma it was found that there were the 
following disparate categories of measurement: 
* Objective vs. subjective measurement. 
* Qualitative vs. quantitative measurement. 
* Money vs. non-money measurement. 
* Low vs. high order transformation scales. 
The dialectical relationship between these categories of 
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rationale behind the measurement of plan 
and inputs is to increase the quality of 
presented for evaluation. Since the quality of 
is related to the four different kinds of 
measurement scales, each evaluation technique endeavours to 
use the "appropriate" highest order of scale. 'I'hus, wherever 
possible, objective-quantified indicators of plan performance 
are preferred to subjective-qualitative indicators. For to 
quote Lord Kelvin; "when you can measure what you are 
speaking about and can express it in numbers, you know 
something about it, but when you cannot express it in 
numbers, your knowledge is of meagre and unsatisfactory 
...... " However, objectivity and quantification are 












themselves not absolute frames of measurement, since they 
exclude, by definition, those subjective and qualitative 
aspects that are usually present and relevant to 
transportation evaluations. 
Since there is no absolute frame of measurement, certain of 
the evaluation techniques have used transformation functions 
to translate the diverse quantitative and qualitative scales 
into a common scale. The desirability of evaluation 
techniques having a common scale were two-fold; firstly, to 
enable a comparative evaluation to be undertaken on the basis 
of alternative differences. Secondly, only with a common 
scale can a system of weights reflecting the value framework 
of the study be effectively applied. 
However, it was seen that the approach of each evaluation 
technique to this dilemma was different. The cost-benefit 
approach uses the high order and versatile measurement scale 
of money, which gives the evaluation it's characteristic 
asymmetric weight towards monetary tangibles as against 
non-monetary intangibles. 
The cost-effectiveness approach uses the highest order scale 
appropriate for each indicator of plan performance, making no 
attempt to force indicators into commensurable scales. This 
approach to measurement gives this technique the 
characteristics of high objectivity, by leaving the 
subjective weighting of the many incommensurable factors to 
the decision-makers. 
Conversely, the rating, ranking and utility matrices 
emphasise the need to aid the decision-makers task of choice, 
by giving major emphasis to ensure all indicators of plan 
performance are in commensurable units. The rating, ranking 
and utility matrices are characterised by their respective 
progressive use of a higher order transformation scales and 
their non differentiation between objective and subjective 
measurement in the evaluation matrix. 
The goals achievement matrix uses a two-step evaluation 
approach. The first phase of evaluation is similar to the 
cost-effectiveness approach, ie it is disaggregate in nature 
using the highest order measurement scales wherever possible. 
The second phase usually uses either a simple ranking or a 
rating transformation function to ensure the system of 
community weights can be applied thus aiding the 
decision-makers task of plan selection. 
6.2.6. Presentation And Evaluation. 
The primary purpose of evaluation is to provide the best 
information and to present that information concisely and 
clearly to the decision-maker. Again an evaluation dilemma is 
apparent and centres on whether the presentation should be 
aggregate or disaggregate 'in format. Table 6-1 demonstrated 
that with the exception of the cost-effectiveness technique, 
the other evaluation techniques were aggregate in nature. The 
advantage of an aggregate format is that the consequences of 

















summed into a total performance index which 
comparison with the other alternatives 
an aggregate presentation simplifies the 
task of plan selection. 
The disadvantages of this approach is that the emphasis given 
to the disaggregate, conflicting or contentious consequences 
in the evaluation format rests with the analyst. In addition, 
the aggregate approach is more decision orientated than 
information orientated. The analyst's subjective judgements 
are built into the presentation because of this 
characteristic. The magnitude of this disadvantage will 
depend on how much exposure the subjective assessments in the 
evaluation have been exposed to the triangular debate between 
the planning team, the affected community and the 
decision-takers. Thus, in an aggregate format of 
presentation, there is a subtle shift of responsibility of 
decision-taking away from the decision-maker to the 
evaluation team. 
The strength of an aggregate format is that it gives a good 
indication of overall plan performance. Conversely, the 
strength of a disaggregate format is that it gives a good 
indication of the trade-offs and conflicts that exist in the 
performance of different plans. 
Further, there is a natural paradox between aggregate 
disaggregate format and depth of explanation ease of 
interpretation. This dilemma is illustrated in Figure 6-4. 
Comprenensive I 
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FIGURE 6-4 DILEMMA BETWEEN DEPTH OF EXPLANATION 
AND EASE OF INTERPRETATION. 
The above paradox is seen most accutely in metropolitan 
transportation studies where the large volumes of computer 
qenerated information and the large number of variables 













inevitably makes the balance between comprehensiveness and 
clarity difficult to achieve. It is the opinion of the writer 
that this conflict can only be resolved by evaluating 
proposals selectively at both the disaggregate and aggregate 
levels. 
6.3. Some Final Thoughts 
Gilbert and Jessop (1978) and Beimborm (1976) have suggested 
that for too long the transportation planning process has 
been unbalanced, in that an excessive amount of resources 
have been spent on the development of complex models to 
analyse and forecast future travel demand, at the expense of 
the crucial evaluation element. However, as Stuart (1974) 
states, this asymmetry of effort is now being rectified and 
increasing attention is being focused on · the evaluation 
element as perhaps the pivotal point in the transportation 
planning process. It is the author's hope that in a small 
way, this overview of the different methods of evaluation 
will bring the evaluation element into even sharper focus. 
Therefore, which is the best method of evaiuation? 
This thesis has shown that there are no simple answers to 
this question, for such a question is divergent in nature. 
Thus, the author finds it disturbing when such eminent 
researchers as Stopher and Meyburg (1976) state, "There seems 
to be little question that the cost-effectiveness procedure 
is the ideal evaluation scheme, provided that its current 
shortcomings can be surmounted". It's current shortcomings as 
we have seen in Table 6-2 are; it is not amenable to a 
general weighting system and decision taking is very 
difficult on account of its disaggregate presentation. This 
thesis has tried to demonstrate that the shortcomings of the 
cost-effectiveness technique (as indeed the shortcomings of 
all the other evaluation techniques), merely reflects the 
fundamental paradoxes that are an inseparable part of the 
transportation evaluation fabric. In consequence no amount of 
additional research is, therefore, likely to fundamentally 
change _these shortcomings. 
The initial hope when this study was conceived that with the 
help of systems analysis it could be shown that one method 
was better than the others. However, as Schumacher (1977) 
points out with divergent problems such as transportation 
planning, systems analysis logic is not sufficient to solve 
the problem, it can only illuminate the inherent conflicts. 
Therefore, as long as transportation planning is concerned 
with optimally and equitably dividing scarce resources 
amongst competing needs, evaluation of alternative courses of 
action will be a challenging and demanding task - regardless 
of the evaluation methodology used. 
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A will briefly review the traditional cost-benefit 
to the evaluation of highway investments. In 
some of the difficulties and critic,isms associated 
approach will be discussed. 
It will be recalled that in cost-benefit analysis, plan 
performance is measured. in terms of the criteria costs and 
benefits. Figure 5-1 illustrates the categories of costs and 
benefits that are traditionally considered as the principal 
elements of the highway cost system. 
ECONOMIC APPRAISAL OF HIGHWAYS 
HIGHWAY COSTS HIGHWAY BENEFITS (ROAD USER) 
1. Construction cost !.'Travel time costs saved 
2. Land acquisition cost 2. Vehicle operating costs 
saved 3. Highway operation, 
administration and 
maintenance costs. 
3. Accident costs saved. 
FIGURE 5-1 EVALUATION CRITERIA FOR THE ECONOMIC 
APPRAISAL OF HIGHWAYS. 
7.2. Highway Costs 
The different cost categories will. be discussed in turn. 
* Construction Cost 
* 
The construction cost is usually estimated by the 
engineer taking due account of the physical design, 
method of construction and current market prices. 
Land Acquisition Cost 
This category of cost covers compensation monies paid to 
the affected landowners for the land, buildings, homes, 
improvements, etc. required for the highway corridor. 















Highway Operation, Administration and Maintenance Costs 
This category of cost covers the annual cost of operating 
and mantaining the facility. This will include such items 
as: general maintenance, road surface repairs, signing, 
road markings and their associated administrative costs. 
In Section 5.3.l(a) the above costs were categorised as 
uirect effects, with the transmitted and transferred effects 
being considered external to the evaluation. Similarly, when 
the highway benefits are considered, only the di~ect effects 
are accounted for, ie the road-user benefits. 
7.3. Road User Benefits 
Road travel, for whatever purpose, involves the road-user in 
certain costs namely: the cost of time spent travelling, the 
cost arising from road accidents and the associated vehicle 
operating costs. In the evaluation process the major benefit 
from the construction of a new highway is therefore the 
reduction of the foregoing costs. 
Whilst the reduction in vehicle operating and accident costs 
are an important stream of benefits when considered over the 
life of the project, the most significant of the _ above 
benefits is the reduction in road-user travel time. Searle 
(1978), reports that in Britain 80%-96% of the quantified 
benefits from a typical trunk road scheme evaluation are 
derived from time savings. Similarly, Stopher and Meyburg 
(1976) report that in the evaluation of the United States 
interstate highway system, between 72%-81% of the benefits 
are derived from travel time, savings. From the author's 
experience, similar percentage time benefits are found in the 
Republic's urban and peri-urban areas. In view of the 
extreme importance of the valuation of time in the evaluation 
process, the procedures that have been developed to value 
travel time savings will be considered in some detail. 
7.3.1. Travel Time Reduction Benefits 
The concept of travel-time saved is problemmatic. Firstly, 
time itself has no inherent value and secondly, time cannot 
be intrinsically saved. As Winfrey (1969) states, the value 
of time is a substitute expression for the value of the 
products produced or services gained during the passage of 
time. 
The value of time should therefore be considered as the 
value, or the net utility, of spending time in a chosen way. 
In transportation economics, travel time is treated as a 
disutility (ie a "dis-benefit"), on the basis that the 
traveller would prefer to do something else during the trip. 
Clearly, the valuation of time in a highway context is 
multi-factorial in nature, it's value being primarily 













* trip purpose - business, commuter, leisure 
* persons travelling - number, occupation, wage earnings 
* time of trip - hour of day, day of week 
* location of trip - type of highway, rural, urban 
* volume of trips - composition of traffic, car, bus, truck 
From inspection of the above inter-related factors and 
because of the importance of time values to the evaluation 
process, it is hardly surprising that there is a wealth of 
research and literature on this subject. Predictably, there 
are also a myriad of different theories and techniques for 
determining the value of time with a concomitant range of 
values for the engineer or planner to choose from. It is 
beyond the scope of this thesis to undertake a comprehensive 
"state of the art" review on this complex subject. The 
following comments are however based primarily on the recent 
and very comprehensive "state of the art" report on Trunk 
Road assessment in Britain carried out under the chairmanship 
of Sir George Leitch and published in January 1978. 
Leitch (1978) points out that there are principally four 
assumptions in the current approach s to valuing work time 
savings. 
(a) The employer is assumed to be sensitive to time savings 
made by his employees and on average is able to use them. 
(b) It is assumed that all travel is carried out in working 
time and that during the trip no productive work is 
possible. 
/ 
(c) The assumption is made that employees in travelling, 
always act in their employer's interest. 
(d) The assumption that all time savings, whatever their 
length, are of value and can indeed be valued at the same 
rate, irrespective of their length. 
The above assumptions, particularly (a) and (d) often give 
rise to criticism and disagreement. It is often questioned 
whether it is right to value working ti~e by reference to 
average wage rates because such a procedure assumes that all 
time savings, no matter how small or under what circumstances 
they occur, are capable of being translated into productive 
output. Leitch (1978a) concludes in his review of work time 
values that the principle of valuing working time at the 
gross cost of employing labour is currently the most 
reasonable and practical method to incorporate this important 
component into the evaluation framework. It was however 
considered that the use of a single "equity" value of time 
for all the time savings, regardless of trip characteristics, 
is too simplistic an approach and a source of potential error 
and confusion. 













down into three "activity categories" with each category 
being given appropriate values of time. 
The three categories of trip identification are: 
* work trip 
* commuter trip (ie journey to and from work) 
* leisure trip (ie includes personal business trips) 
The above categorisation is sound, since De Donnea (1971) in 
his research on the valuation of time, has concluded that the 
value of travel-time saved is dependent upon the activity 
that replaces travel. Freeman (1978), in considering the 
valuation of travel time for South African conditions has 
also used the above categorisation. 
The categorisation by trip characteristic is prudent, since 
there is clearly considerable variation from one highway 
location to another as regards the proportion of annual 
average daily traffic (AADT) which are work trips. It would 
therefore be realistic to recognise that the proportions of 
the three types of trips would vary with the location. 
(i) Work Time Values 
The benefit that arises from working time being saved 
is the assumed opportunity for extra productive 
activity which is of value to either the individual, 
firm or nation. Working time is normally valued at it's 
cost to the employer plus certain overheads. This 
category of time saving equates the employer's cost 
with the value of the extra output he gains from the 
employment of the individual traveller concerned. 
(ii) Commuter Time Values 
Jackson and Burrell (1977), amongst others, have shown 
that the journey to and from work in urban 
transportation studies is generally the most dominant 
category of trip in shaping urban travel patterns. 
Another characteristic of this category of trip making 
is that commuters perceive a change in the time taken 
in their journey to work akin to a change in their 
length of day or hours of work. The importance of this 
category of trip to the evaluation process is obvious 
but the benefit that arises from commuter time being 
saved is less so than the previous category of work 
time savings. 
Due to the absence of a market for non-working time, 
the values usually adopted are based on observations of 
peoples' behaviour, usually in transport choice 
situations. Many modal choice decisions have an 
implicit value of time. As an example;· if a commuter 
selects a fast, expensive mode in preference to a slow, 
cheap mode, he shows he is willing to pay X Rand to 
save Y minutes. He is revealing an implicit valuation 













(1971) has shown that individuals do value travel time 
in non-work activity situations (ie in commuting or in 
leisure time) and that it is not correct to assume that 
time only has value when it can be used for productive 
activities. 
(iii) Leisure Time Values 
This category of trip encompasses a wide range of 
activities from personal business ie shopping trips; 
school trips, to pure leisure travel. This category of 
trip would have important implications for the 
evaluation of schemes where a high proportion of 
leisure trips are made, such as in holiday areas. 
As with commuter time values, no direct market values 
exist for leisure time and it's valuation has to be 
deduced from observing peoples' behaviour. 
The National Institute for Transport and Road Research 
(NITRR) currently recommends the following national average 
values for travel time, ~980 base. (Freeman, 1981) 
* Working Time Value - R2,50 per hour 
* Commuting Time Value - R0,75 per hour (30% of working 
time) 
* Leisure Time Value - R0,63 per hour (25% of working time) 
7.3.2. Criticism of the Valuation of Time 
In the foregoing approach to the value of time savings, there 
are several issues which often attract criticism: 
* 
* 
Stopher and Meyburg (1976a) in their review of the 
valuation of travel time conclude that most derived 
values of time should be more accurately termed average 
or marginal prices of time, as they are derived from 
specific choice situations. The value of time depends 
upon personal, specific cost-time trade-off situations. 
The average price of time and concomitantly the 
behavioural response of the individuals would alter 
should any of the parameters change. Purists would argue 
that a list of standard (national) values of travel time 
is not theoretically appropriate. 
The second criticism relates to the equity of decisions 
based upon the proposed categories of time values. 
Maximum benefits are likely to accrue from alternatives 
that save time for the higher income groups since it is 
proposed to value the benefits to travellers on the basis 
of their income. In South Afri.ca where the differences in 
wage rates are often synonymous with race, such a "bias" 
is clearly not desirable from a social welfare or public 
investment viewpoint. Again, Stopher and Meyburg (1976b) 
report that this fundamental problem in economic 















considered outside the evaluation process. 
The third criticism relates to the above points, is that 
the value of time is linked to specific choice locations 
as the value of time varies substantially with the level 
of economic and social development of a country or region 
(Adler, 1971). As an example, in the underdeveloped 
regions of Transkei or Zululand where the size of the 
active population is much greater than the number of job 
opportunities and income per capita is low, the value of 
time is relatively cheap. The value of time savings used 
must therefore always reflect the local or regional 
situation to avoid any bias in the economic analysis. 
A futher criticism often levelled at the foregoing 
approach to travel-time valuation is that the values of 
small time savings are aggregated in the cost benefit 
analysis at a uniform unit value. It is thus assumed 
that the value of time saved is a direct function of the 
amount of time saved, whatever its length. Thus, in a 
cost-benefit analysis, the benefits that accrue when one 
person saves 1 hour or 60 people save 1 minute or 3,600 
people save 1 second are the same. 
Many critics state that the a.bove assumption is contrary 
to common sense, suggesting that small time savings have 
no value and should be disregarded in the evaluation. 
This is based on the view that small time savings either 
cannot be put to productive use or are not able to be 
perceived. It is therefore often suggested that small 
time savings below a certain threshold should be ignored. 
The argument then moves between what time-savings can be 
perceived and what can be productively used. Although 
there is relevant evidence to consider very small time 
savings to have no value, current research has not been 
able to produce a feasible set of criteria for choosing 
such a threshold. 
The Department of Transport in Britain has given the 
following reasons for aggregating small time savings in 
the cost-benefit appraisal of alternatives (Leitch, 
l 978b). 
(a) Highway corridors are generally constructed and improved 
in an incremental manner. Thus the aggregate time saving 
gained on a journey can typically be made up from small 
disaggregate incremental road improvements. It would be 
inconsistent to value overall time saving differently 
from its component parts. 
( b) Historically, the nature of technical improvement in 
transport has been one of substantial investment to yield 
small time savings, at each step, which have been desired 
and paid for. 
(c) Trip characteristics of general road travel show that 
most trips are of a short duration, resulting in very 
small time savings. 













theory, is a marginal one and the measurement of benefits 
in small time units is therefore appropriate. 
The foregoing comments have demonstrated that the economic 
valuation of travel time is fraught with difficulties and 
implicit assumptions. On account of their importance to the 
total road-user benefits, more than any other, it is the 
economic valuation of this category of benefit that has been 
specifically criticised in the general critique of the 
cost-benefit approach to project evaluation. Nevertheless, 
its proponents would argue that if national averages of time 
are used, then although not perfect, a formalised and 
internally consistent evaluation can be made between mutually 
exclusive alternatives. 
7.3.3. Vehicle Running Costs 
One of the benefits resulting in proposed highway 
improvements is a reduction in vehicle operating costs. 




Highway design dependent costs - eg consumption of fuel, 
tyres, oil, maintenance and repair and a proportion of 
depreciation costs. 
Costs independent of road use - garaging and parking, 
annual licence and insurance fees, interest on capital, 
truck driver's wages, etc. 
The former category of cost tend to be distance and road use 
related, whilst the latter category are time related. 
It is therefore the costs, usually termed vehicle running 
costs that are related to highway design which will be 
considered. Certain other operating costs eg wages of driver 
and crew, are taken into account in the time-saving element 
of the cost-benefit approach.· 
For reasons of feasibility, the analyst must use average 
figures in determining the vehicle running costs. These 
average values represent the wide range of performance 
characteristics of vehicles that will use the highway under 
study during the analysis period. The NITRR in its regularly 
updated reports, gives vehicle running costs in terms of the 
dependent variable, average running speed, for four 
categories of vehicle: medium-sized car, light commercial 
vehicle, heavy commercial vehicle and heavy articulated 
vehicle combination. Thus, knowing the composition of 
traffic on the highway and the horizontal and vertical 
geometry of the alternative alignments, the vehic~e running 
costs can be determined and compared.· The use of "standard" 
computer programmes which are presently available, greatly 














7.3.4. Accident Reduction Benefit 
The costs of accidents are included in road-user benefits in 
the sense that the new highway should be an improvement on 
the existing one as less highway accidents are expected. 
Like the other road-user benefit of travel time, the monetary 
valuation of traffic accidents is problemmatic, since there 
are no direct market values. 
Nevertheless, public highway authorities indirectly place a 
monetary value on road accidents, for almost every detail of 
highway design and operation is associated with some safety 
consideration. Similarly, an authority cannot rationally 
decide whether it's safety budget is justified unless it 
relates accident saving to expenditure. The trade-offs 
between safety and cost are therefore implicit_ in most 
highway decisions and policies. -
In the evaluation of alternative 
statistics are required - on traffic 
compute the benefits that will accrue 
accidents. 
highway plans, two 
accidents in order to 
from a reduction in 
* 
* 
The accident rate- ie the frequency of accidents per 
vehicle km for a particular facility in a given time 
period. An estimate of the probable reduction in 
accidents is then made by comparing the accident rate on 
the existing road as it would be without improvement, 
with an estimated rate for a similar higher standard of 
highway to that of the new acility. 
Value of the accident reductions - road accidents (like 
travel time costs) are multi-factorial in nature and are 
made up of several cost elements. In the first place, 
there are public sector costs: hospital services, police 
force, legal and court costs. Secondly, there are 
private sector costs: goods and property damaged, 
administrative costs of insurance companies. Thirdly, 
there a.re personal costs to cover the pain, grief and 
suffering that is associated with traffic accidents. 
Finally, there is a societal° cost in that society loses 
the productive output from the individual's involvement 
in the traffic accident. This is permanent if the 
accident is fatal, temporary if the accident is 
non-fatal. Clearly, the severity of the accident 
determines the cost of the accident, therefore accident 
cost data are categorised into two categories: fatal and 
non-fatal. 
Again, the NITRR has developed a formalised approach for the 
monetary valuation of traffic accidents in the Republic. 
Currently, the following cost figures (1979 base) are 
recommended to determine this category of road-user benefit 
(Goosen, 1980). 
* Fatal accident - R65 000 














* Light injury accident - R2 000 
* Property-damage-only accident - Rl 000 
7.4. Closure 
The purpose of this overview was to show the scope and the 
parameters that are normally considered in the traditional 
cost-benefit methodology. It has been shown that with it's 
many years of use, the development of computer programmes, 
the ~any revisions and improvements, a highly formalised 
method of appraisal has been developed. Plan performance of 
the different alternative plans is measured in aggregated 
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8. DETAILS OF POST-GRADUATE COURSES COMPLETED 
COURSE NO. YEAR COURSE NAME CREDIT VALUE RESULT 
402 506 1974 Properties of Concrete 4 2-
504 811 1974 Transportation Engineering 4 2-
917 402 1975 Fundamentals of 3 2-
Environmental Science 
917 406 1976 Principles of 5 2-
Environmental Analysis 
402 531 1977 Urban Transportation 4 2+ 
Planning & Modeling 
E 20 
Details of the contents of the above courses and examination papers 












UNIVERSITY ·OF CAPE TOWN 
DEPARTMENT Of CIVIL ENGINEERING 
UNIVERSITY EXAMINATION: JUNE 1974 
COURSE CE 506 - PROPERTIES OF CONCRETE 
M.Sc. IN ENGINEERING 
Time Al.towed: THREE HOURS 
8-2 
Candidates are. required to attempt All questions in Part A, and not more 
than FOUR questions from Par~ ~· 
PART A 
1. What are the four principte oxides in Portl,and cement? (1) 
2. Give two-methods of manufacturing a Portl,and cement with rapid 
hardening properties. (2) 
3. In what way do the setting time and the uttimate strength of ordinary 
Portl,and cement differ from those of rapid hardening Pcrttand cement? {1) 
4. Brie fl,y exptain the phenomena of bteeding in concrete, and give the 
beneficial, affect and the adverse affects of bl,eeding. ( 3) 
5. Expl,ain what is meant be sel,f-dessication of a cement paste. (1) 
6. Under what environmental, conditions does concrete made with high 
al,umina cement undergo an irreversibl,e retrogression of strength? (1) 
7. Why does concrete considered in No. 6 above become susceptibte to 
sutphate attack? (1) 
B. Catcutate the maximum horizontal, pressure on the formwork for a 
concrete cotumn of dimensions 0,5 x 1 x 5 m to be cast at a vertical, 
rate of ptacing of 5 m/hr at an estimated concrete temperature of 
1s0 c. A vibrator is used with approximatel,y 6o% continuity to 
compact the concrete. The stump of the concrete is 100 mm and there 
is a del,ay of approximatety ten minutes between the mixing and 
pl,acing of the concrete. 
The pl.acing of· the concrete is effected in such a manner that there 
is no appreciabte pressure surcharge due to impact. (The weight 
density of concrete may be taken as 24 kN/m3•) (1) 
9. What factor has the greatest inftuence on the durabitity of concrete? (1) 
10. Why is the sutphate attack of concrete by MgS04 regarded as being more 
severe than sutphate attack by CaSD4 ? (1) 
11. Exptain two possibl,e ways of increasing the resistance of concrete to 
freezing and thawing. ( 3) 
12. vihy is the triaxial, compressive strength of concrete higher than the 
uniaxia1, compressive strength? {1) 
13. Ho1-1 does the rate of 1,oading affect the uniaxial, compressive strength 
of concrete? {1) 












CE 506 Examination - June 1974. 
PAHT A (continued) 
14. Give three reasons why the transverse bending test overestimates the 
true tensite strength of concrete. (3) 
15. Briefty state the possibte mechanisms of creep in concrete. Indicate 
whether the creep is recoverabte or irrecoverabte in each instance. (5) 
16. In what way does aggregate inftuence the creep of concrete? (1) 












CE 506 Examination - June 1974 
PART B 
1. Exptain and ittustrate the .fol.towing: 
(a) the hydration of the mineral, compounds constituting 
Porttand cement with particul,ar reference to their 
respective contributions to strength and heat of hydration, 
(b) 
2. (a) 
the structure of hardened cement paste, with particutar 
reference to the different categories of water contained in 
the· paste. 
Show-why a cement paste having a W/C ratio ( 0,36 (by mass) 
and continuousty cured under water witt never achieve 1oo1' 
hydration. 
(b) Three cement pastes made with 314 g cement and having W/C ratios 
of 0,2; 0,4 and 0,6 respectivel,y are pl.aced in stoppered test 
tubes: 
(i) What is the maximum hydration that is possibl,e for 
each of the respective p~stes? 
At maximum hydration of the 0,6 W/C ratio paste catcul,ate: 
(ii) the vol,ume of gel. formed, 
(iii) the che~ical,1,y combined wate~ and water in the get pores, 
At maximum hydration of each of the pastes c~tcutate: 
(iv) the water in the capil,tary pores. 
3. The _resul,ts from a trial, mix of 33 kg of water : 50 kg of cerrent•: 
140 kg dry sand: 170 kg dry stone are stump of 130 mm and a real, 
mortar excess of 6~. It is assumed that the densities of ~ater, 
cement, sand and stone are 1000, 3100, 2600 and 2800 kg/m3 respectivety 
and that the dry stone contains so% voids. What mix woutd you suggest 




4. Discuss: (a) factors which inftuence concrete strength, and 
(b) the stress/strain re tat ion of concrete in terms of 
crack initiation and crack propagation. C1 a> 
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Course No. 504811 TRANSPORTATION ENGINEERING 
COURSE DESCRIPTION 
A substantive overview of the concerns of transportation planning, the 
nature of transportation, and the techniques of transportation analysis 
and evaluation, with special reference to urban transportation problems 
in South Africa and the applicability of approaches from abroad.· 
OBJECTIVES 
To create understanding of the role of the transportation planner as 
distinct from that of the transportation engineer. 
In so doing, to create awareness of the social purpose of transportation. 
To generate awareness of the politics of transportation, the constraints 
manifest, and the legislative, admini$trative, and fiscal requirements 
for establishing sound planning. 
To create understanding of, and ability as a planner to deal with, the 
complex interrelationships between transportation and land use. 
To provide insights into a multi-modal systems approach to transportation 
planning. 
To present the techniques of transportation analysis and evaluation. 
To create awareness of innovative thinking and legislation in connection 
with transportation systems research·:and design, transportation planning, 
and evaluational criteria and methods encompassing the community. 
EXAMINATION REQUIREMENTS 
!he examination will take the form of a transportation project on a team 
basis to be completed in a period of six weeks. 
The project will place the student in the role of transportation planner 
where he will have to make certain decisions in relation to social goals, 
test and evaluate these decisions, and establish the requirements for 
their implementation. 
The examination of the course thus involves the application of concepts, 
principles, and techniquesassimilated to a particular problem situation. 
The project will be handed out immediately before the mid-term vacation. 
By this time sufficient knowledge of transportation planning will have been 
gained to commence working on the project. The vacation period can be 
used by teams to establish a method of approach and to re-affirm and es-
tablish basic planning ideas for further development. 
Concurrent with the remaining three lectures after the mid-term vacation 
a studio series will be run by participating lecturers in the course, to 
assist teams in overcoming basic technical difficulties. 


















COURSE No. 504811 TRANSPORTATION ENGINEERING 8-7 
INTRODUCTION Structure of the City and Structure of Movement 
Raeburn Chapman Nature of transportation: definition and theories 
of communication, linkages, networks, transpor-
tation. 
Influence of transport technology on city form. 
Relation between !nternal structure of the city 
and structure of movement: the characteristics 
of travel and their identification. 
Emerging concepts of urban structure in relation 
to above •. 
The Issues of Transportation: Its ~omplex 
Dimensions 
Metro area as transportation problem area: nature 
of problems. Transportation as the metro (social) 
problem. 
Political, social, economic and physical problems 
related to transportation and transpo~tation 
planning. 
EMERGING The Transportation Planning Process 
APPROACHES TO Development of transportation planning since 
TRANSPORTATION World War II. 
PLANNING, RESEARCH Content and interrelationships of the rational 
AND EVALUATION planning process. 





Use of simulation techniques. 
Evaluati nal rationale. 
Critique of rational transportation planning 
model: need for synoptic~sm in transportation. 
Innovative legislation abroad 
Environmental impact statement 
Public participation · 
Development of mass transit. 
Joint development including the integrated 
corridor. 
Highway beautification • 
. Systems Research and. Design 
A conceptualisation of classes of transportation 
systems in relation to social goals and urban 
structure, on a scale basis. 
Definitions and Concepts. 
Relation between speed, volume, capacity, levels 
of service, standards creating uninterrupted flow 
et al. 
Traffic: Cars.and Trucks 
Characteristics in relation to road systems and 
land use. 
Role of the freeway: Physical, economic and 
social aspects. 
The total road network: Hierarchical characteris-
tics and environmental considerations. 
On-street and off-street parking requirements in 
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AUG. 15 Johan Barnard 
4 hrs. 
Louis de Waal 














Buses in Relation t~. fl~...!!_ning: --~ Structural Overview 
Service characteristics on a geographical basis of the 
present bus system in Cape Town. Capital' and 
operating costs. Storage. 
Achieving intermodal balance: Potential of public bus 
movement vs. private car. Socio-economic consideratiors 
Impedances to creation of an integrated bus serviceo 
Express Buses~~id Tr~nsit 
The area-wide high-capacity express bus transit system. 
Reserved bus lanes on freeways: the integrated ROW. 
Bus patronage demands and characteristics. 
Operational requirements including terminals. 
Costs and advantages including freeway optimisation 
and environmental considerations. 
Railways and Rapid Transit in Relation to Planning. 
Role and characteristics of harbours, ca~als, airports, 
and their relation to railways. 
Railway standards, source of power, railways and 
land use. 
An overview of rapid transit systems on a comparative 
basis. 
Organisation of Transportation Planning and 
Administration -------Planning, implementation, and administration. 
The situation in South Africa. 
The Metropolitan Transportation Authority - its role, 
structure, financial aspects. 
Trip Generation : Forecasti~g~_nd Use 
Methods of estimating the number of trips that 
result from activities that occur on a given area of 
land. Use of demand simulation and projections in 
which future zone-by-zone distribution of population 
and employment areas is forecast for the purpose of 
traffic analysis. 
Modal Split : Achieving Intermodal Balance 
Methods of estimating the percentage of trips from or 
to a given area that select a particular mode of 
travel. 
Estimation of peak hour modal splits for trip 
productions and attractions for each analysis zone. 
Factors to be considered in modal split models. 
Trip Distribution : Gravity Model 
Methods of estimating the manner in which trips 
generated in one zone distribute themselves to all 
other zones. 
Use of the gravity model in distributing previously 
generated trips. 
Trip Assignm~ 
Methods of estimating the manner in which trips from 
one zone traverse the transportation network to reach 
another zone, and the subsequent assigning of internal 
volumes to each link. 
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OCT. 17 IMPLEMENTATION 
2 hrs. Joh;;h .. Bar:n.~r.d 
. ;.:. 
·-. 
· ......... __;. __ 
_; 
.: . 
·· .. ;:-...._:: ... 
' 
The ~conomi~~f Metro_p£litan Tra~ortation 
The development:·of·demand for transportation as 
a result·· o_f metropolitan area growth in South 
Africa •. --~The- provision of adequate urban transpor-
tation<systems i:n·relation to the cost of traffic 
congestion and accidents. 
Revenu~::-cost ... ·aspe~ts. 
Approacb)°to. tr·a·nsportation planning in Johannesburg. 
-~. ·.· .. 
Transportation Evaluation 
User-and~omm~nity factors as a basis for analysis: 
direct:.}economic effects versus community effects. 
Methods-'fpr evaluating plans including benefit-cost 
analysis. . ·· · 
QuantifJ:.~t:>~.:e and non-quantifiable measures in 
relation•t~ typ~s 9f costs. 
Methods ·for mon~tising benefits. 
Transportation Legi~~t-~ 
A0: . .O"ierview ·of:: legislation and administrative 
procedures inj:~outh Africa critical to transpor-
tation planning, implementing, financing, and 
adminis' 'tratt.on in our urban areas • 
'-:,, ..
' .. 
·' r,; .. ! :~ 
:· ._ 2 .. 
. ·' ·.. -~ .:- ,·_: 













SCHOOL OF ENVIRONMENTAL STUDIES . 
, COURSE No. 917402 
Fundamentals of Environmental Studies. 
K.E.F. Watt, Principles of Environmental Science, 
McGraw;Hill, 1973. (Available from Technical Books 
OR Student Bookshop.) 
Course Details: 
There will be 23 formal lectures in the course, these will be 
given at 10.15 a.m. Tuesdays and Thursdays in the Botany Lecture 
Theatre. 
In addition to the lectures, readings and exercises will be 
assigned, and students ·should anticipate spending a minimum of 
six hours of study per week on'these a~signments. Certain assign-
ments will be graded for D.P. purposes. 
An essay, selected from the list of appended topics, will also 
be required on or before May 13, 197~. The essay should be fully 
referenced, should not exceed 3,000 words and must be legible, 
(preferably type-written). 
A final D.P. requirement is that all students attending the 
course participate in"the preparation and presentation of a group 
project. The class will be divided into groups one~ the overall 
composition is known; project topics will relate to real-world 
environmental problems in the Cape Town area and will be specified. 
EXAMINATION: 
The final examination is tentatively scheduled for 19th June 
1975 but there is a possibility that the examination-may take 
place after the July vacation. The class will be notified as soon 












Course No. 917402 FUNDAMENTALS OF ENVIRONMENTAL STUDIES 
2 
LECTURE SCHEDULE: 
March 4 to April 1. Professor P.G. Holland (8 lectures} 
April 3 and 8 Dr. G. Branch (2 lectures} 
April 10 and 15. Dr. E. Moll (2 lectures} 
April 17 to 24 Professor R.F. Fuggle (3 lectures) 
May 13 to 22 Professor I. Spencer (4 lectures} 
May 27 to June 5 Professor R.F. Fuggle (4 lectures} 
June 10 & 12 Presentation of Projects ( 2· periods} 
June 19 Examination. 
ESSAY TOPICS: 
1. Self-regulating mechanisms are an intrinsic part of 
natural systems. Critically analyse Man's apparent 
ability to circumvent self-regulatory feedback in 
his activities. 
2. It is believed that "climax" communities of plants 
have net annual productivities approximately equal to 
zero. Under certain conditions of stress, however, 
NPP can be greater th an zero. Over the period of 
cultural development h ow has Man been able to shift 
community growth behaviour from the former to the 
latter strategy, and at what biological and ecological 
cost ? 
3. Many persons and groups are currently calling for 
ecological solutions to problems. Evaluate the potential 
and limitations of an ecological approach in determining 
a site for a copper smelter in an agricultural area 













Course No. 917402 FUNDAMENTALS OF ENVIRONMENTAL STUDIES 
TOPICS: (Each project group to select a different topic}. 
In·each of the topics listed below a hypothetical 
development is proposed which would affect the existing environ-
ment in several ways. Analyse the positive and negative environ-
mental impacts of the proposed schemes. Also make suggestions 
supported by reasoned argument, as to how the development should 
proceed so as to minimize or alleviate deleterious environmental 
consequences. 
1. Development of two hectares of the Rondebosch Common for 
cluster housing. 
2. Construction of a network of paths on the Western table 0£ 
Table Mountain. 
3. Development of a landscaped riverside recreation area along 
the Black River between Settler's Way and the N9 National 
Road. 
4. Expansion of the Constantia Nek - Hout Bay road to accommodate 
4 lanes of traffic. 
GENERAL: 
1. Each group should nominate a co-ordinator to schedule 
group activities, liaise with·other groups and with 
University Staff. 
2. By mutual agreement students may change groups before 
the projects get underway provided that the balance of 
subjects in each group remains the same as scheduled. 
Each group must comprise.at least four different 
specialisms. · 
3. It is expected that groups will undertake on-the-spot 
field investigations, data collection, and/or interviews. 
4. Final group reports must be typewritten and illustrated 













UNIVERSITY OF CAPE TOWN 
UNIVERSITY EXAMINATIONS: JULY 1975 
FUNDAMENTALS OF ENVIRONMENTAL STUDIES. 
Time: TWO HOURS 
8-13 
Candidates must answer a total of TWO questions selecting one question 
from each section. 
SECTION A - Principles of Environmental Studies. 
1. Review the concept of diversity, and the predictions based on it, 
as developed by biologists and comment on their applicability to 
the social sciences. 
2. Outline the possible advantages and disadvantages to an onmivore 
species which opts to draw all its food from low in the food chain. 
3. One of Watt's basiC environmental principles is that matter, energy 
space, time and diversity are all categories of resources. Illustrate 
that you appreciate the significance ·of this principle in an essay 
on human food production. 
4. Studies of pre-industrial as well as post-industrial societies have 
substantiated recognized environmental principles. Discuss this 
statement. 
SECTION B - Applications. 
5. Discuss the applicability to the study of human societies of Margalef's 
principle that mature exploit immature biotic communities. 
6. Discuss the· concept of ecological balance in relatian to the health 
of Man. 
7. Of all the habitat types in South Africa, estuaries are the most 
vulnerable to man's activities. Discuss this statement giving actual 
examples to illustrate your arguments. 
8. Write an essay in which you examine the distribution and ecological 
relationships of range syst~ms in South Africa. 











COURSE No. 917406 8-14 
SCHOOL OF ENVIRONMENTAL STUDIES 
PRINCIPLES OF ENVIRONMENTAL ANALYSIS 
AIM: The aim of this series of seminars is threefold. 
METHOD: 
1. A review of procedures for environmental impact assessment. 
2. Analysis of various types of Environmental Impact Studies. 
3. Critical analysis of man~environment interactions through case 
studies. 
The course will be run as a series of seminars led by members of 
staff but drawing upon student reactio~ to prescribed readings. 
I~ addition a joint class project directed by members of staff will 
be undertaken and each student must prepare.a term-paper based on 
one of the course aims outlined above. 
; SEMINAR TOPICS: 
RFF/afa 
22.7.76 
1. Review of the U.S.Environmental Policy Legislation and of 
procedures for environmental impact assessment. (RFF; 27/7/76) 
2. Detailed review of the Matrix-Analysis and Map Overlay techniques. 
(RFF; 3/8/76) 
3. · Detailed review of the Battelle Laboratory techniques for environ-
mental evaluations. (JRG; 10/8/76) 
4. The Delphi technique for sociological evaluations (RFF; 17/8/76) 
5. Case study of Township Development Scheme, Southwestern Cape. 
(RFF; 24/8/76) 
6. Case study of South African Marina Developments. (JRG; 31/8/76) 
7. Case study of man-environment interactions in a group of oceanic 
islands. (NW; 7/9/76) 
8. Case study of man-environment interactions in a continental 
island group. (NW; 14/9}76) 
9. -Reviews of major ecosystem studies. (JRG; 28/9/76) 
10. Reviews of selected South African ecological studies. (JRG; 5/9/76) 
11. Review of an Environmental Impact S~atement as required by 
the National Environmental Policy Act of the U.S.A. 
(RFF; 12/9/76) 
12. Review of environmental impact reports which have been 











· ·UNIVERSITY . OF. ·cAPE. TOWN 
.. DEPARTMENT .. OF .. CIVIL .. ENGINEERING 
A S S I G N M E N T NO. 1 
---~---------------------~ 
AS AN INDEPENDENT CONSULTANT~ YOU ARE REQUIRED.TO 
CRITICALLY REVIEW THE STUDY DESIGN FOR THE CAPE 
METROPOLITAN TRANSPORTATION STUDY, A COPY OF WHICH 
YOU RECEIVED LAST WEEK. 
1 •. INTRODUCTION 
The study design, dated May 1976, states in the introduction "A 
transportation study of the Greater Cape Town Metropolitan Area is 
8-15 
to be conducted and, towards this end, the design of the study is out-
lined in this report". 
other possibly relevant information, contained in the section which 
has been deleted from your copy for reasons of confidentiality, is 
as follows 
( . 
(i) A Metropolitan.Transport Advisory Council was duly 
constituted and a Steering Committee was formed to direct 
and supervise the execution of the study. The Steering 
Committee consists of representatives of local and provincial 
government, the South African Railways and the Cape 
Metropolitan Planning Committee. 
(ii) The consultants appointed to carry out the study 
recognized that the complex problems involved required 
expertise from several specialist disciplines, and a multi-: 
disciplinary team has been assembled to assist the principal 
~onsultants. 
2 •. TASK DESCRIPTION 
You have been appointed as an independent consultant to review the study 
design document and to report on your finding~ to the Steering Committee. 
As noted above, a .. critic al review· is required. In other words, tell the 
Committee what you do and do not like about the study design. What would 














In carrying out your assignment, keep in mind that the study design 
" 3hould inform the Committee as to what the consultants propose to do, 
and how the various tasks will be carried out. You should therefore 
also report on the extent to which you think the study design serves 
this function. 
3.. SPECIFICATIONS 
The following specifications should be strictly adhered to in your 
submission : 
* Length must not exceed 15 pages - this excludes the cover sheet, 
graphics and bibliography (if these are used). This,of course, 
does not mean that your report qannot be shorter than 15 pages. 
* 
* 
All papers are to be typed, double spaced, with reasonable margins 
(i.e. approximately 2,5 cm). 
The way the report is'written (e.g. style and grammar) will be 
considered in the assessment. 
Your paper should be linked as closely as possible to the lectures· 
and associated readings. If you wish to take an opposing viewpoint 
at any stage, feel free to do so. However, your arguments must be 
clearly presented, and substantiated wherever possible. 
~OTE : The mark for this assignment will contribute approximately 40% 
~o the final mark for the course. 
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UNIVERSITY OF CAPE TOWN 
DEPARTMENT OF CIVIL ENGINEERING 
COURSE . CE . 531 . - URBAN . TR/u~SPORTATION !':!:.ANNING . & MODELLING 
\ 
ASSIGNMENT NO. 2 
A household le~~ le~st-squares tiip genera~ion model has been 
calibrated for a hypothetical city called LAPABURG. The 
h;ypothetical model is as follows :-
y = 0,20 + 1,75 x2 + -2, 50 ,,./ x6 ..••• (1) 
where y = number of home-based trips per household per day, 
x = 
2 
number of people per household, 
x6 = number of cars per household. 
You are r
1
equired to use this model to estimate the future home-based daily 
trip generation for zone number 105 of LAPABURG. The forecast character 
istics of this zone are given in Table 1 below. (In carrying out this 
calculation you should apply the model given by equation (1) only~). 
Note 
(i) The Dtie Date for this assignment is Wednesday 25th May 1977. 
(ii) This assignement will count approximately 5% to your final course 
marks, and is to be completed on an individual basis. 
. Number of.· Households Number.of ·Peol)le ·Number of 
.·.{Le. Frequency) (~) . (X6) 
50 1 0 
100 2 0 
100 3 0 
50 4 0 
25 5 0 
25 6 0 
50 1 1 
150 2 1 
200 .3 l 
150 4 1 
50 5 1 
25 6 1 
- ,. 1 2 
25 2 2 
50 3 2 
100 4 2 
50 5 2 
50 6 2 
NOTE: No householdshave more than six people or more tban 2 cars. 
















UNIVERSITY .. OF .. CAPE . TOWN 
.. DEPARTMENT .. OF CIVIL .. ENGINEERING 
COURSE CE531 - URBAN TRANSPORTATION PLANNING & MODELLING 
~------------------------------------------------------------
ASSIGNMENT NO.· 3 
Consider the hypothetieal city of INDIANIS shown in Figure 1. The 
city has been divided into five hypothetical zones (1 through 5). You 
are required to estimate the future trip distribution and modal split 
of work trips for INDIANIS, using a number of different appraoches. 
-- Motle. A(c.ar) 
- - - - MocLe. B (lo&u) 
.Figure 1 
Zopes 1 and 2 are residential areas and zones 3, 4 and 5 are employme~t 
locations. The following is the estimated future travel-cost matrix. 
1 
2 
N/A = not available 
~t<:=_.- tro."~' -____ .. C.. o.s-t. J 
"°'odt. & 
Cb'As) 
Zones 1 and 2 are expected to have 1 000 and 1 500 bouseholds respectively 
in the design year. It is anticipated that 15% ·and 20% of th~ households 
in zones 1 and 2 respectively will not have a car in the design year. 
On the average, it is expected that each household will have one worker 











Zones 3,4 and 5 are expected to have the following number of jobs 
available in the design year :-





A. Use a hypothetical trip-end modal split model which assumes that 
all those workers living in a household in which at least one car 
is available utilize a car for the work trip, and that all those 
workers living in car-less households use the bus. Distribute the 
work trips by each mode using a gravity model, with a travel-cost 
factor function of the form f(Cij) = CiJ2 for each mode. State any 
(reasonable) assumptions you make. 
B. Use a gravity model with a travel-cost factor function of the form 
f(C .. ) = .c.-:2 to distribute all the work trips over.the car network. 1J . 1J . . 






where T .. 
1J 
A c .. mode A .2:.J.._ ;: car = B mode B = bus 2C .. 
1J. 
= trips from i to j by mode m 
and m cij = travel-cost, i to j, by modem. 
C. Use the hypothetical trip-interchange model described in B above, 
but first distribute the trips using a 'weighted uni-modal network' 
and a gravity model with the same travel-cost factor function as 
above. (Use the hypothetical trip-end .model described in A above 
to determine the weighting factors). 












E. Demonstrate how one might use an iterative process to improve on 
the results obtained in C above. 
NOTE .-
( i) The ·due ·date for this ass.ignment is Wednesday 1st June 1977. 
(ii) This assignment will contribute approximately 7 1/2 per cent to 













UNIVERSITY OF CAPE TOWN 
DEPARTMENT OF CIVIL ENGINEERING 
8-21 
E~~~~!--2!~~!-=-~~~!!_!~!!~~0~TATION PLANNING & MODELLING 
-------~~---------------------
Aasignment No. 4 
Consider the following brief extract from the book by Stopher 
and Meyburg[l]. 
'iiasltcity.hoperties of Multiple-logit Models 
. ·.· · ... ·l. .. 
A ge~1'll logit m~del may be \1'tTitt~n as equation 16.32.: , .. -
. :·. ·.· ,/' ·'-4 . .., :- •·. • . ~ 
.. «·' --.; • "-· pi _ exp[GrtXk)] .. "_ <'.'-"' . «- .
6 3
.,). 
' ' ·.··" ·- ': , ; . I; - . - ' '· -.. (1 • .. .. 
•· '.:/:- .. :~- ' :· . . : _ ·:t- e~p(Gi(:XJ)] 
It is_~~sum~d th~t Gt<X1) is a linear fun~tian of the v~ctQ,r Qf characteristics. : '. 
,. ···: -· ~ . "· 
. or ilie :iltemative i. since it has been es tabli&hed that the characteristics of 1 . 
th~. i11dividual,. S~, _cannot be lfoearly additive fo- th,e' fu~ction,_ it \\•ill. i:,e:~L 
as_sumed that these characteristics enter the utility function' through t9e ·-, 
·; .• vector .• of coefficie1;1ts of the. Xjs. i'he functfori Gl..X1) may therefore.be " 
'. written as __ equation~ 16.33. : ,_ '_ .. - -, ''. ·- :.- '_;' --~· - .::· '. . 
,-_, ./·:· _-.c T· . ''.~:', 
};:· <?~'.-~,~~.·. ·',· · G,{XJ)~a~+ 1~a~X:n.- ,_, :~·06 .. =3~··· 
where r =. the number ~~ characterjstics in the com"mon utility of .ai.; 
.. " > . ~ :· · - ternative j ." 1 '. . · -- , . . -. · 
~~-:-·:::·, · ·~t,~ ~th~-coem~ien~ of, the ch¥acteristics ~Jt ,. _ -;, 
The :direct~elastidty. of demand for ~ltemative k ~th respect to_ ch~rac;-· :. 
-! . ·teri~,t~~$·X~ Of.that a1tematiVe· is given by equation.· 16;34. · ·<· '.( .,. ::t,,· 
. -. ':. .. -~. -~' . " . .;_ -:.(" 
.- sfuc,. = a;Xka (1 ..,.. P~) .. ' · {16.~}>_·; 
'·: *-·~· . ..... • ;, . ~-: '., ' . . ·'~·. . •. 
> h1 ~ords, equation-16.34 states that-the direct-elasticity(s1ks) of demand for . -
ai'temati\l~ k with respeet to attributes i~ proportional to· the amount of tlur·: 
attribute possessed- by alternative k(X/u), to the weight or importaµce oF 
t~at'.attribute.in'-the utility,ful,1-ctioo (a~); and to the sha.fe of the mar.k.et.that : 
albtrnatiVekh#rtot yet obtained (l';...·pn,The firsttwo dependencie~ of" 
the. direcf elasticity: appear to be intuitively' reasonable; that is, that the:· -
ehistidty is a function of both the importance and amouri~ of an attribute. -
The final dependency modifies the strength of the direcf elasticity by the 
market share of_ the alternative; The larger the market share, the smaller 
:wiiJbe th~ direct:-elasticity of demand, all other things being equal. Ag~, 
·.this is an intuitively reasonable statement of elastitity and is conforfuaf 











You are required to derive the expression for the direct elasticity shown 
in equation (16.34). (Hint :- First use equation (16.32) to find an 
expression for P! (1 - P!)a;.Then find an expression for the relevant 
partial derivative). 
Note.· 
(i) Due date for this a~signmen1; is Wednesday 8th Jtµ1e 1977. 
{ii) This assignment will contribute approximately 5% to your 
final course mark, and should be completed on·an individual 
basis. 
[l] Stopher, P.R. and Meyburg, A.H., Urban Transportation Modelling 















UNIVERSITY OF CAPE TOWN 
DEPARTMENT OF CIVIL ENGINEERING 
ASSIGNMENT NO 5. 
lT Assume that. for a particular individual, the utility of the 
car .(for a given trip) is UA' and the utility of the bus(for 
', 
the same trip) is UB. : Ass.ume als<;> that this individual is 
indifferent to the colour of his car (i.e. a change in coloux 
. d~es not change his utility). 
Now consider the introduction of a "new" mode, whiGh is a 
blue car, where previously the individual und~r consideration 
had a red car. Except for colour, the two cars have identical 
"obserV(;:•i attributesn. 
(a) For each of the vaiues of UB and UA ~iven in table 1 
below, use the legit model to compute the probability 
that the individual chooses the bus for the given trip :-
(i) assuming that the IIA axiom holds, 
(ii) assuming tbat the IIA axiom does ~hold. 
(b) Compute the difference in the results (as a percentage), 
for each combination of values for UA ~nd UB. 

































Now consider the following hypothetical utility functions :-
G(X1 ) = 0,5 - 0,190 T - 0,06~ C 
G(X2 ) = -0,190 T - 0,060 C 
where T =travel time(in minutes), C = travel~cost (in cents). 
~OTE : - All the variables in these utility functions were found to be 
statistically significant. 
(i) Have travel-time and travel cost been included as generic 
or alternative-specific variables in this model? Explain 
br iefly. · 
{ii) Assume that this model was built (i.e. estimated) for a 
hypothetical set -0f travellers having the following values 
of the attributes of the 2 alternatives facing them :....; 
Number of Travellers Attributes o-£: Alternatives 
(in Homogeneous Group) 
T c 
' 
Mode 1 Mode 2 
I 
Mode l' Mode 
25 10 10 20 25 
50 15 10 25 . 30 
25 20 10 30 35 
100 25 10 40 45 
- -· -- - - - - -- -· ·-· -
25 10 15 20 15 
75 15 15 25 25 
125 20 15 30 35 
25 25 15 40 45 
--- -··· - ~· ---· -·-·· ·-· -· -------
100 10 20 20 I 15 
I 
i 
50 - 15 20 25 30 
2 
-·-
75 !20 20 30 I 35. 
125 25 20 4o 45 
- -- - - - -- -·--- ·- - --· - - - -- --
100 10 25 30 20 
100 15 25 25 20 
50 20 25 30 40 
50 
' 
25 25 40 4o 
What percentage share of the travel market do each of the two modes 
have for this set of people? Explain why you co1'ld carry out the 

















The logit model assumes that travellers make trade-offs 
betwe.en the levels of the attributes of the alternatives . 
~vailable to thelJl. Consider the above data s~t, and 
comment on the applicability of tuis set of data 
(or parts thereof} for the estimation of a logit model. 
(iv) Based on the coefficients of the above logit model, what 
is the''value of time" for this set of travellers (Express 
yQur answer in R/hr). 
(v) "There is a' modal bias towards JJ1.0de 1 for this. set of travell~rs". 
Explain this statement~ and comment briefly on the desirability 
of such a "modal bias" in a model of mode choic~. 
( i) Due date fo'J'" tbis assignment is Wednesday 29th ,rune 1977. ·· 
(ii) ~is ass~gnment will contribute approximately·l0% to your 
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COURSE CE · 531 - URBAN TRANSPORTATION PLANNING & MODELLING ---------------------------------------------------------------
ASSIGNMENT NO. 6 
Brief and concise resp9nses are required from you to the following 




Define and give an example of each of the following, 
ensuring that the examples are appropriately interlinked :-





Your examples ~eed not specifically be in a transportation 
context. 
2. What are the advantages which can be obtained by the use of 












3. All of, the early applications of individual choice models 
have been in the analysis of mode-choice. Briefly discuss 


















Early (aggregate) analyses of modal split found that the variable 
"walking time to bus stop" (for example) was not statist.ically 
significant in explaining the choice of travel mode. This was found 
to occur even for trip interchange models built for "choice riders". 
·What is the probable reason for this occurrence? 
5. "Curve-fitting techniques (such as least-squares) a.re inappropriate 
f'or estimating predictive models of travel behaviour". Briefly 












6. What do you understand by "incrementalism" in transportation 
planning? Do you consider the current trend in the U.S.A. to 
be towards incrementalism? 
NAME :..,. 
NOTE 
(i) The due date for this assignment is Wednesday 6th July 1977. 
(ii) This assignment will contribute approximately 10 per cent 
to your final course mark. 
(iii) You should acknowledge any literature to which you made 
re·ference in answering the above questions. This should be 














6. What do you understand by "incrementalism" in transportation 
planning? Do you consider the current trend in the U.S.A. to 
be towards incrementalism? 
NAME .-
NOTE 
(i) The due date for this assignment is Wednesday 6th July 1977. 
(ii) This assignment will contribute approximately 10 per cent 
to your final course mark. 
(iii) You should acknowledge any literature to which you made 
reference in answering the above questions. This should be 
done on the reverse side of the sheet. 
EIP/GF/1977 
r 2 JUt 1981 
